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CHARACTERIZATION OF TISSUE METABOLISM OF TRANSPLANTED MOUSE MELA- 
NOMAS BY HIGH OXIDATIVE RESPONSE TO PARAPHEN YLENEDIAMINE '? 


By DEAN Burk, GLENN H. ALGIRE, Markie L, HESSELBACH, CLARA E. FISCHER, and FRANCES Y. LEGALLAIS, National Can- 
cer Institute, National Institute of Health, United States Public Health Service 


INTRODUCTION 


Various papers and discussions at the recent con- - 


ference on pigment-cell growth * have emphasized 
the slow growth and prolonged killing time of the 
three transplantable melanomas available in mice, 
the Harding-Passey and Cloudman S81 pigmented 
melanomas and the Algire S91A amelanotic mela- 
noma. Only the Cloudman S91 melanoma has 
metastasized regularly, primarily to the lungs, 
but also to the kidneys, adrenals, lymph nodes, 
orbit, and liver. Particularly noteworthy are cer- 
tain biologic results obtained with these three 
melanomas when they are transplanted into trans- 
parent chambers in skin flaps of mice. In con- 
trast with highly malignant sarcomas and mam- 
mary-gland carcinomas that have been similarly 
transplanted, the melanoma cells migrate slowly 
and elicit new capillaries only after a prolonged 
latent period, with little leukocytic accumulation 
about the implant; vascular dilatation in the sur- 
rounding tissues is minimal; vascular levels within 
the melanomas do not exceed that of cireumam- 
bient subeutaneous tissue; and the capillaries 
formed are small in diameter, like those of normal 
striated muscle, and show considerable differentia- 
tion into arterioles and venules (/). 

It was of interest, therefore, to examine tissue 
slices of these mouse melanomas from a metabolic 
standpoint, to see whether there might be some 
biochemical basis for the observed, biologically 
distinctive behavior. A common metabolic fea- 
ture or features might be found that would differ- 
entiate these tumors, as a class, from other malig- 
hant tumors, apart from any differences that might 
exist between the three melanomas themselves, 
particularly between the melanotic S91 strain and 
the amelanotic S91A strain derived therefrom. 


‘Received for publication January 7, 1947. 

*3The bulk of this material was presented at the conference 
on the Biology of Normal and Atypical Pigment Cell Growth 
held at the New York Academy of Sciences, November 15 and 
16, 1946. 
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The values given by Crabtree (2) for four speci- 
mens of mouse melanoma are about the only data 
reported heretofore on the metabolism of mela- 
homa tissue slices as distinguished from tissue 
homogenates thereof, with which this paper is not 
directly concerned experimentally. 


RESULTS 


Tables 1 and 2 present a summary of experi- 
mental data obtained to date with six or more 
tumors taken from each melanoma strain and in- 
volving a total of several hundred individual 
Warburg vessel determinations carried out by 
methods described in detail elsewhere (3-4). The 
Harding-Passey melanoma was carried mainly in 
C3H mice, the Cloudman S91 melanoma in dba 
mice, and the Algire S91A amelanotic melanoma 
in C mice. For comparison, determinations were 
made on the Earle L sarcoma and the Barrett 
C3HBA adenocarcinoma, both carried in C3H 
mice. Metabolic measurements of individual 
spontaneous adenocarcinomas in C3H mice gave 
values indistinguishable from those given by the 
transplanted C3HBA strain. 

When judged by the metabolic criteria listed in 
table 1, the data on all five tumor strains fall 
within the range of Q values shown by malignant 
tumors generally (7—9), as summarized in the last 
column of the table. Within these limits, there 
is some tendency for all the experimental values, 
anaerobic glycolysis, aerobic glycolysis, oxygen 
consumption, and carbon dioxide production, to 
increase in the order of tumors as listed. The two 
melanotic melanomas show the lowest values. 
This might be accounted for, in part, if the mel- 
anin constituted a considerable part of the dry 
matter and was metabolically inert. There is 
little gradation between the tumors with respect 
to the derived ratios: respiratory quotient, extent 
quotient, fermentation excess, and absolute Pas- 
teur effect. The percent Pasteur effect and the 
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Meyerhof oxidation quotent, however, show de- 
creases in the order of tumors listed. All grada- 
tions, it should be emphasized, are nevertheless 
within the usual malignant-tumor limits, as estab- 


TapLe 1.—NStandard metabolism of tissue slices of traus- 
planted mouse melanomas and other malignant tumors 
in’ Warburg-Okamoto-Ringer-glucose-bicarbonate me- 
dium’ 


mehinotic 
amelanotic 


Sul 
melanoma 


Tumor 


Passey melanotic 


melnoma 


sarcoma 


SOLA 


Harding 
Earle L 


Algire 


Cloudman 


Experimental 
anaerobic Slycolysis 
(acid production in 5 percent 
COyN) 11.0 14.8) 12.0) 17.6 8-25 
Q%,, aerobic glyco'ysis (acid 


production in per ent 


CO2/O2) 2.1) 3.0 10.4 2-15 
Qo,, oxygen consumption 1.6 5.0 7.2 ye 9.4 3-10 
Qco,, carbon dioxide produc- 

tion 4.1 3.5 6.0 2-9 

Derived ratios. 
/Qo,, extent quotient 7.1 6.2 17 5.6 4-20 
U=Q*; ,7#Qo,, fermentation 

ibsolute Pasteur 

effect s.9 we 64 

per 

cent Pasteur effect (percent 

inhibition of QN2, by sl 74 i! 

oxidation quotient 5.8 3 23 


0.013 M_ bicarbonate, 0.2 percent glucose 
terms of “cubic millimeters” 
mm. is 1/22,400,000 mol 


Metabolic Q velues are in 
milligram initial dry weight hour, where | 


2.—IJnfluence of paraphenylenediamine (PPDA), 
succinate, and cyanide on the oxygen consumption of 
tissue slices of transplanted mouse melanomas and other 
malignant tumors in Warburg-Okamoto-Ringer-glucose- 
phosphate medium * 


Earle L sarcoma 


Tumor 
oxygen consumption, 2.0 5. ( 5 12.0 2-12 
Qo, in succinate (0.02 M) 1.6 7.5 7.5 6.4 
(100) 2? (50) (15 2 (0-40) 
Qo, in PPDA (0.02 M) 5.7 | 18.0/| 18.0 9.0 20.0 
(185) 2 (260 (05 (70) (0-120) 
(0.05-0.1 M) R 16.0) 28.0 31.0 0.0 26.0 
2 (700) (460) 2 (520) 2 (S80) 2 C115) (0-150) 
Qo, in KCN (ca. 0.003 M 
+PPDA <.5 <.5 <1 <1 <1 


! Usually 0.2 percent glucose and 0.013 M phosphate (pH 7.2), 
any differences noted with zero 
PPDA (Eastman) and succinate 


but little if 
glucose or 0.1 M phosphate where tested 
and KCN added as aqueous solutions 
usually from side arm. Metabolic Q values are in terms of “cubic milli- 
meters’’/milligram initial dry weight/hour, where 1 is 1/22,400,000 mo! 
Values in parentheses indicate percentage increases of Qo, in treated com- 
pared with basal medium controls=100 (R—r)/r. 7 
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lished in the work of Warburg, Dickens, and many 
others (7-//), due consideration being given to 
use of estimated initial rather than final dry 
Weights as a basis for comparative calculation. 

In contrast with the foregoing similarity of re- 
sults with the various tumors, the data of table 2 in- 
dicate that paraphenylenediamine causes a mark- 
edly greater stimulation of oxygen consumption in 
the case of the three melanomas than in the case of 
the Earle L sarcoma or Barrett C3HBA adeno- 
carcinoma, and, it may be added, also six other 
mouse tumors reported upon by Roskelley, Maver, 
Horwitt, and Salter (77) (sarcoma 180, Yale 
tumor No. 1, lymphosarcoma, two rhabdomyosar- 
comas, and a mouse “chest tumor” of Gardner), 
and malignant tumors generally (5. 6.4. 12, 13). 
The same type of oxidative effect was obtained in 
table 2 with succinate as with paraphenylenedi- 
amine, but to a lesser degree. The increases with 
paraphenylenediamine are, in fact, those exhibited 
by essentially all normal adult and embryonic tis- 
sues, where a range of 100 to 2,000 percent Increase 
in oXygen consumption may be noted with the 
methods employed, those reported on the basis of 
the methods of Rosenthal and Drabkin (74) being 
somewhat higher. 

It is further noteworthy in table 2 that cyanide 
(ca. 0,003M) eliminated nearly all the respiration 
increase caused by paraphenylenediamine us well 
as almost all the basal respiration, in all the tumors 
studied. 

DISCUSSION 


It is probable that the cyanide inhibition of 
respiration above a Qo, value of no more than 
0.5 or 1, in either the presence or absence of para- 
phenylenediamine, is due to inhibition of the cyto- 
chrome oxidase system, and, in particular, to com- 
bination by evanide with cytochrome oxidase it- 
self. This oxidase catalyzes the oxidation, by mo- 
lecular oxygen, of paraphenylenediamine and en- 
dlogenous substrate, as well as any glucose that 
may be involved. A good part of the small resid- 
ual oxygen consumption that occurs in the pres- 
ence of cyanide and paraphenylenediamine is 
probably due to endogenous substrate oxidized by 
oxidases other than cytochrome oxidase. It can 
barely be established with certainty, in fact, with 
the quantities of tissue usually employed, that 
paraphenylenediamine causes any notable increase 
in oXygen consumption in the presence of cyanide, 
since the small residual oxygen consumption in 
the presence of cyanide is nearly as great in the 
absence as in the presence of paraphenylenedi- 
amine, An appreciable action of cytochrome 
which is commonly regarded as autooxidizable and 
cyanide-insensitive, is uot precluded in aceounting 
for the residual, cyanide-insensitive oxygen con- 
sumption. 
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The marked stimulation of oxygen consumption 
caused by paraphenylenediamine in cyanide-free 
tissue slices of the melanomas, as compared with 
other tumors, may be interpreted as indicating 
that the ratio oxidized/reduced cytochrome c¢ is 
considerably higher in these melanomas than in 
other tumors; for then, in the case of the melano- 
mas, paraphenylenediamine would cause a greater 
diminution in this ratio and hence a greater ob- 
erved percentage increase in oxygen consumption. 
This interpretation involves the usual assumptions 
(1) that paraphenylenediamine reduces cyto- 
chrome ¢ but not cytochrome oxidase, (2) that 
cytochrome oxidase is in relative activity excess 
compared with cytochrome c, (3) that other cyto- 
chromes are not significantly involved, and (4) 
that the rate of oxygen consumption is approxi- 
mately proportional to the concentration of re- 
duced cytochrome ¢. Thus, if 7, the normal rate of 
oxygen consumption in the absence of parapheny- 
lenediamine, be taken as an approximate measure 
of the normal content of reduced cytochrome ¢; 
and # the rate of oxygen consumption in the pres- 
ence of paraphenylenediamine as an approximate 
measure of the total cytochrome ¢ content (mea- 
sured in its completely reduced form); and R-r 
isa measure of the normally occurring content of 
oxidized cytochrome ¢; then, the normal ratio of 
oxidized ‘reduced cytochrome c= (total cyto- 
chrome ¢—reduced cytochrome c) /reduced eyto- 
chrome c=(R-r) /r=the experimentally ob- 
erved fractional stimulation of oxygen consump- 
tion by paraphenylenediamine. 100 (R-—7r)/r is 
the percentage stimulation. 

That the total cytochrome ¢ content of the Hard- 
ing-Passey tumor is somewhat less, and that of the 
Earle L sarcoma still less, than that of the other 
three tumors in table 2 is indicated by the corre- 
ponding order of relative rates of respiration, R, 
vbserved at high concentrations of parapheny- 
lenediamine (16.0, 10.0, respectively, compared 
with 28.0, 31.0, and 26.0). This range of variation, 
however, is not extreme but represents an inter- 
mediate order of magnitude for tissues considered 
generally, 

The contents of reduced cytochrome ¢ in the 
various tumor slices under normal conditions of 
ieasurement (in the absence of paraphenylene- 
liamine) would appear to vary in the decreasing 
order: Barrett CB3HBA adenocarcinoma; Earle L 
«areoma, S9LA, and S91 melanomas: and Harding- 
Passey melanoma (7 values, respectively, 12.0; 5.5, 
0, 5.0; and 2.0). Similarly, the oxidized cyto- 
chrome ¢ contents, under normal conditions of 
ieasurement would appear to vary in the decreas- 
ing order: S91A and S91 melanomas; Harding- 
Passey melanoma and Barrett C3HBA adenocar- 
‘nema; Earle L sarcoma ((#—,) values, respec- 
lively, 26.0, 23.0; 14.0, 14.0; and 4.5). 
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It would appear from homogenate studies (13) 
that the cytochrome oxidase activity of all three 
melanomas is approximately the same (1.1-1.5 
Qo, units on a wet-weight basis), but high com- 
pared with similarly measured human tumors 
(0.2-1.0, average 0.4 units (J6)) where consider- 
able data (17) are available indicating a low oxi- 
dative response to paraphenylenediamine. — It 
might be, then, that the relatively marked effect 
obtained with paraphenylenediamine in the three 
melanomas is partly an ——— or result of this 
comparatively high cytochrome oxidase activity. 
This could be true if the usual assumption that 
cytochrome oxidase is in relative activity excess 
compared with cytochrome ¢ were more fully re- 
alized in the melanomas than in the human tumors 
measured, and so permit more effective utilization 
of the increase in reduced cytochrome c¢ content 
brought about by paraphenylenediamine; for, the 
higher the relative excess of cytochrome oxidase, 
the more readily would the maximum value of 
(R—r)/r be realized for any given reduced cyto- 
chrome ¢ level. Conversely, to the extent, espe- 
cially in the human tumors, that cytochrome oxi- 
dase might not be in relative excess, R would at- 
tain less than its potential maximum (since the 
proportionality of rate with reduced cytochrome 
e content would fall off), and (R—,+)/r would be 
correspondingly low. 

However, the cytochrome oxidase values of the 
mouse melanomas, compared with mouse tumors 
generally, are not high, but intermediate or even 
low, as reported for large series by Shack (17) 
and by Greenstein (/8), and yet, as already indi- 
cated, where measurements have been made ( (//) 
and table 2), other mouse tumors than the melano- 
mas have all given low oxidative responses with 
paraphenylenediamine. It would seem, therefore, 
that the high oxidative responses obtained with the 
melanomas cannot be specifically correlated with 
cytochrome oxidase content. In this connection, 
there may be important cell structural aspects to be 
taken into consideration, affecting the turn-over 
numbers of both cytochrome ¢ and cytochrome 
oxidase. Thus, the maximum cytochrome c-cyto- 
chrome oxidase activity in tumor homogenates was 
found (/6) to be insufficient to account for the 
corresponding tissue slice respiration. It is pos- 
sible to explain this as due either to destruction 
or loss of oxidase activity upon homogenation, de- 
crease in cytochrome oxidase activity by loss of 
cell structure and integrity (decrease in turn-over 
number, or decrease in affinity bet ween cytochrome 
oxidase and cytochrome c), or, much less probably, 
by major involvement of other oxidases than cyto- 
chrome oxidase. As is well known, the turn-over 
number of cytochrome ¢ may be considerably 
larger intracellularly than extracellularly. De- 
struction of various oxidase activities upon homo- 
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genation appears to be a not infrequent phenom- 
enon, 

It remains to be determined how invariably the 
large stimulation of oxygen consumption caused 
by paraphenylenediamine in the case of the mouse 
melanoma tissue slices studied is characteristic 
of melanomas generally, particularly melanomas 
in man. Conceivably, also, other nonmelanoma 
tumors in mice or other species may be found, in 
spite of extensive contraindication so far, to yield 
large stimulations with paraphenylenediamine, 
especially if unusually high eytochrome oxidase 
activity should be found. 

In any event, a high ratio of oxidized-reduced 
cytochrome ¢ in tissue slices of the three mela- 
nomas, indicated by the marked stimulation of 
oxygen consumption by paraphenylenediamine, is 
further indicative of a higher level of oxidation- 
reduction potential within melanoma cells, either 
intracellularly throughout or at least locally in 
certain important cell areas. Whether or not this 
condition Is even partly es to the ratio cyto- 
chrome ¢/cytochrome oxidase, it may well be con- 
nected, either as cause or result, with the presence 
of other oxidases known or suspected to be in- 
volved in melanin formation (75, 16, 18, 19). such 
as those acting upon dihydroxyphenylalanine 
(dopa) or tyrosine, substrates with which this 
paper has not been concerned experimentally. 

The data in table 2 have established a differen- 
tiation between the three melanomas as a class 
compared with other tumors that have been meas- 
ured similarly but have established no prominent 
differentiation bet ween the three melanomas them- 
selves. The biochemical reason or reasons for the 
evident lack of pigment formation in the amelan- 
otic melanoma still remains to be ascertained. The 
reported relative lack of dopa oxidase or tyro- 
sinase in homogenates (75) may suflice for ex- 
planation, or possibly a difference in mechanism 
of granule formation may be the determining fac- 
tor. Conceivably a small but critical difference 
in internal oxidation-reduction potential may be 
involved, one that might be slightly too high in 
the amelanotic tumor, rather than possibly too 
low in nonmelanomas, for actual pigment forma- 
tion. 

It has been reported in homogenate studies (15) 
that the amelanotic melanoma, as compared with 
the melanotic melanomas, was nearly completely 
lacking in systems capable of oxidizing paraphen- 
ylenediamine. This would appear to be a result 
of the homogenation, for, as indicated in table 2 
tissue slices of the amelanotic melanoma showed 
the highest paraphenylenediamine-oxidizing ca- 
pacity of any of the tumors studied, melanotic or 
otherwise. A differential stability upon homoge- 
nation is indicated, if anything. In any event, 
with either type of melanoma, a great loss of 


paraphenylenediamine-oxidizing capacity occurs 
upon homogenation, amounting to 80 percent or 
more, 

Similarly, the tissue-slice data of table 2 indi- 

cate no important difference in cyanide sensitivity 
of paraphenylenediamine stimulation as was re- 
ported for homogenates of the amelanotic as com- 
pared with the melanotic tumors (15). No cya- 
nide-insensitive system in the melanotic tumors, 
‘apable of oxidizing paraphenylenediamine at an 
initial rate of the order of 0.4 mm.* per milligram 
wet weight per hour (or several cubic millimeters 
per milligram dry weight per hour for comparison 
with the data in table 2), was observed in the tissue 
slices. It would seem that such a system was em- 
phasized by the homogenation, and that it might 
represent not any new enzyme but possibly a sub- 
strate, produced by cell destruction, that was sus- 
ceptible to induced oxidation of cyanide-insensi- 
tive character. 

It is not likely that changes in the biologie char- 
acter of the tumors, occurring between the period 
of the earlier studies (75) and the present one, 
could account for the differences observed between 
the homogenate studies then and the tissue-slice 
studies now, for the existence of the cyanide-insen- 
sitive, paraphenylenediamine-oxidizing system in 
the two melanotic tumors has been confirmed 
quantitatively as to order in homogenates prepared 
during this investigation. Details of the mode of 
homogenation and measurement of result clearly 
affect the numerical values obtained, but it has 
been possible to obtain a homogenate from the 
amelanotic melanoma that was as active in order 
as those from the melanotic melanomas, in the 
presence of cyanide. 

The foregoing differences’ indicated between 
tissue-slice and homogenate studies emphasize the 
need for further comparable studies in regard to 
substrates such as dihydroxyphenylalanine and 
tyrosine. 

Various studies in the past have indicated little 
correlation between the relative rates of glycolysis 
and relative rates of growth of various comparable 
tumors. The present studies strongly suggest the 
desirability of making similar measurements with 
respect to relative magnitudes of oxidation re- 
sponses to paraphenylenediamine, where an in- 
verse relationship between growth rate and re 
sponse might be found, either among similar ot 
different tumors of the same or different species. 
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exhibited by malignant tumors generally in regard 
to aerobic and anaerobic glycolysis, oxygen con- 
sumption, respiratory quotient, and other derived 
quotients, 

On the other hand, all three melanomas showed 
a much greater percentage stimulation of oxygen 
consumption by paraphenylenediamine than any 
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FURTHER STUDIES ON THE RESPONSE OF STRAIN A FEMALE MICE TO SMALL 


AMOUNTS OF 0o-AMINOAZOTOLUENE! 


By Howarp B. ANbDERvoNT, National Cancer Institute, National Institute of Health, United States Public Health 
Service 


This report deals briefly with the results of two 
experiments designed to ascertain the minimum 
amount of o-aminoazotoluene capable of induc- 
ing hepatic lesions and pulmonary tumors in strain 
A female mice. In an earlier experiment (7), 
graduated subcutaneous doses of the crystalline 
compound moistened with glycerol were given to 
strain A females, and a single injection of approxi- 
mately 10 mg. produced hepatie changes, hepa- 
tomas, and pulmonary tumors. Therefore, all in- 
jections reported here contained less than 10 mg. 


MATERIALS AND METHODS 


Because of difficulties attending the application 
of small amounts of crystalline material with any 
degree of accuracy, it was decided to dissolve the 
dye in olive oil. Previous work (2) had shown 
that repeated injections of olive-oil solutions of 
o-aminoazotoluene induced hepatic changes, hepa- 
tomas, and pulmonary tumors in strain A mice, 

The o-aminoazotoluene was obtained from the 
Eastman Kodak Co. and used without further 
purification. The olive oil was of U.S. P. quality. 
Thirty-two milligrams of the compound was dis- 
solved in each cubic centimeter of olive oil by 
heating gently. and the resultant solution was used 
to prepare lower doses by serial twofold dilutions 
so that each cubic centimeter of olive oil con- 
tained 32, 16. 8. or 4+ mg. of the dye. A clean 
pipette was used for making each dilution. 


INPERIMENTAL PROCEDURE 


All subcutaneous injections were made into the 
right axillary region by means of a 1-cec. syringe 
and a 20-gage needle, and each consisted of 0.25 
ce. of olive oil containing Ss. 4, 2. or 1 mg. of 
o-aminoazotoluene. The point of entrance of the 
needle through the skin was sealed with collodion 
to prevent escape of the oily solution, Oral admin- 
istration was carried out by using a 1-ce. syringe 
and a blunt, curved, 20-gage needle, according to 
the technique described by Morris and Thompson 
(3). 

Strain A virgin female mice from 2 to 3 months 
of age were used. They were housed on sawdust 
bedding in wooden cages, fed Purina laboratory 
chow, and given an unlimited supply of drinking 
Water. Necropsies were performed upon all mice. 
The macroscopic appearance of the liver was re- 
corded, a piece was prepared for histologic exam- 
imation, and the presence and number of hepa- 
tomas and pulmonary tumors were noted. 


‘Received for publication February 25, 1947. 


In the first experiment, strain A animals pro- 
cured from the Roscoe B. Jackson Memorial Lab- 
oratory received subcutaneous injections of 8, 4, 
2, or 1 mg. of the dye, and hepatic reactions as 
well as hepatomas were found in those receiving 
the 4-mg. dose. following this result, another 
experiment was started to compare the response 
of strain A females to subcutaneous or oral appli- 
cation of the compound. These were procured 
from Dr. J. J. Bittner, of the University of Min- 
nesota. They were divided into two groups, one 
for subcutaneous injection and the other for oral 
administration, 

Since the mice from both sources reacted sim- 
ilarly to graduated doses injected subcutaneously, 
the results of both experiments were combined and 
are summarized in tables 1 and 2. 


Taste 1.—Induction of macroscopic hepatic reactions in 
strain A female mice following subcutaneous or oral 
administration of 1 to 8 mg. of o-aminoazotoluene dis- 
solved in 0.25 ce, of olire oil 

Numerator= Mice . ] 
Denominator = Mice with hepatic reactions 


of 


Time after injection, in months | 


Route of = r= 
administration |= 
= 3 6 9 12) 14) 15 
Z ie = 
| | Per- 
Mg. | | | | | cent 
Subcutaneous 31; 8) 2/0) 4/1) 2/2) 4/4) 7/7|.-..| 4/4) 31/26 
_-| 15} 8} 4/4] | 15/13} 87 
Subcutaneous 31 2/0) 8/3) 2/2) 4/3) 8/7) 1/1) 6/5) 31/21) 68 
Oral 16 4 .-| 5/2|-...| 4/3) 5/5)....| 2/2] 16/12\ 
Subcutaneous 2 2 2/0 8/0) 1/0) 10/2) 29/2) 7 
Oral. 15 2 .-| 2/0\....| 4/1} 4/2) 1/1) 4/3) 15/7 7 
Subcutaneous. 281 3/0 1/0, 2/0 5/0) 13/0, 28/0! 
16 1 3/0 4/0 3/0 6/0) 16/0 0 


Taster 2.—IJnduction of macroscopic pulmonary tumors 
and hepatomas in strain A female mice following sub- 
cutaneous or oral administration of 1 to 8 mg. of 
o-aminoazotoluene dissolved in 0.25 ce. of olive oil 


Numerator= Mice with pulmonary rs 
Denominator= Mice with hepatomas 


Time after injection, in months ! | 


Route of admin- = 
istration 


} 
Mg. | | | cent 
Subcutaneous 31 0/0} 1/0) 0/0} 4/2) 5/2)....| 17/6) 55/20 
Oral 15 00 3/1}.- 2/1; 3/4)-- 8/6) 53/40 
Subcutaneous 31 4 6/0, 1/0, 0/0 O/O 2/2) 2/4) 5/7) 16/23 
Oral 16, 4 1/2) 1/3}... 1/0, 3/6) 19/37 
Subcutaneous 29, 2 0/0 0/0 3/0) 3/0 1/1) 5/2) 12/3) 41/10 
Oral 15) 2 0/0 2/0 10 0 1/9 4/0, 27/0 
Subcutaneous 28 1 oo 0/0 2/0 5/0 8/0, 29/0 
Oral_. 16 0/0 0/0) 2/0, 2/0 


4/0) 25/0 


! See table 1 for number of mice necropsied“each month. 
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RESULTS 


The findings presented in table 1 show that, un- 
der the conditions of these experiments, a single 
subcutaneous or oral injection of 8, 4, or 2 mg. of 
o-aminoazotoluene induced gross hepatic changes 
(4). but 1 mg. failed to do so. It is also seen that 
7 of 15 mice given 2 mg. orally developed hepatic 
lesions whereas only 2 of 29 mice receiving the 
same amount subcutaneously did so. This sug- 
gests that oral administration was more effective 
than subcutaneous in producing hepatic lesions. 

The data in table 2 are interpreted as showing 
that 8 mg. produced pulmonary tumors in both 
the injected and fed groups because these animals 
developed multiple tumors and had an average of 
five tumors per mouse. The incidence and num- 
ber of pulmonary tumors in the lower dose groups 
indicated that amounts of less than 8 mg. failed 
to elicit this type of tumor. Most had but one 
pulmonary tumor, and this incidence could be ex- 
pected in strain A mice. 

Hepatomas occurred in some mice receiving § 
or 4 mg. Oral administration of 2 mg. failed to 
induce hepatomas, but three such tumors arose in 
mice receiving the same amount subcutaneously. 
These tumors were found in animals free of gross 
hepatic reactions. ‘Two of these were examined 
histologically by Dr. A. J. Dalton, of the National 
Cancer Institute, who, on the basis of the char- 
acteristic appearance of the mitochondria and 
Golgi apparatus (5), concluded that they resem- 
bled hepatomas induced with o-aminoazotoluene. 
This suggests that the dve induced hepatomas in 
mice without producing gross hepatic changes. 


DISCUSSION 
The experiments confirmed previous findings 


that a single subcutaneous injection of small 
amounts of o-aminoazotoluene induced hepatic 


lesions and hepatomas in strain A female mice 
and, in addition, showed that a single oral admin- 
istration of small amounts will give similar re- 
sults. They also indicate that in strain A femates 
the minimum amount capable of inducing hepatic 
lesions and hepatomas is between 1 and 2 mg. 
Smaller amounts may be effective if the mice are 
kept longer or belong to a more susceptible strain. 

The investigations of Law (4) and Morosen- 
skaya (7) who administered 10 mg. of the dye to 
mice were discussed in the previous paper (/). 
Both reported the induction of hepatomas, and in 
addition Law observed fibrosarcomas at the in- 
jection site while Morosenskaya found pulmonary 
tumors. 

In the experiments reported here 8 mg. of the 
compound produced pulmonary tumors, but 4, 2, 
or 1 mg. failed to do so, Other tumors such as 
subcutaneous fibrosarcomas at the injection site 
and hemangio-endotheliomas, which are known 
to be induced by the compound (2, 4), were not 
found. The liver of the strain A female mouse 
is apparently the organ most susceptible to tumor 
induction by small amounts of the dye when it is 
administered by the oral or subcutaneous routes, 

The use of small amounts of carcinogens is de- 
sirable in some investigations. Small amounts 
may reveal the effects of factors such as strain, 
substrain, sex, age, nutrition, or solvent when 
large amounts may mask such influences. They 
may also be used advantageously in determining 
the additive effects, if any. of two carcinogens of 
the same or different nature, either physical or 
chemical. 

Finally, in studies on the mechanism of tumor 
formation, large amounts of carcinogens may pro- 
duce tissue and metabolic changes which are not 
involved in the production of malignancy. Small 
amounts of a carcinogen should reduce such 
changes to the minimum. 
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ACCELERATION OF ENZYMATIC DESAMIDATION OF GLUTAMINE BY SEVERAL 
INORGANIC ANIONS? 


By CHARLes E. Carrer. assistant surgeon, and JESSE P. GREENSTEIN, chief biochemist, National Cancer Institute, 
National Institute of Health, United States Public Health Service 


The desamidation of glutamine in aqueous ex- 
tracts of rat liver and kidney is accelerated by the 
addition of pyruvate (7). A similar acceleration 
of enzymatic desamidation of glutamine effected 
by inorganic phosphate, arsenate, and sulfate is 
reported in this paper. 


MATERIALS AND METHODS 


The glutamine used in this investigation was a 
gift from the Lederle Laboratories of the Ameri- 
‘an Cyanamide Co. Isoglutamine (2) and chlo- 
roacetyl glutamine (2) were prepared by methods 
described. 

Amide nitrogen was determined by hydrolysis 
of samples in 5 percent H.SO, for 7 minutes or in 
1N HC! for 1 minute at 100° C. Thus analyzed, 
the glutamine employed contained 95 percent of 
the theoretical value of amide nitrogen. 

Ammonia determinations by aeration into acid 
followed by direct nesslerization were employed 
in most experiments to follow the enzymatic hy- 
drolysis of the amide. ; 

In several experiments the carbon dioxide 
evolved from the reaction of glutamine with chlor- 
amine-T was measured in Warburg vessels ac- 
cording to the technique described by Cohen (4). 


EXPERIMENTS AND RESULTS 


The enzymatic desamidation of glutamine in 
aqueous extracts of rat liver is accomplished at a 
slow rate. The addition of pyruvate to digests of 
glutamine and liver extract has been shown to 
result in an acceleration of desamidation (7), and 
as shown in table 1, a similar, rapid acceleration 
is produced by certain inorganic anions. 


TaBLe 1.—Desamidation of glutamine, chloroacetyl gluta- 
mine, and isoglutamine in rat-liver extracts 


| Chloroacety1 | 


Salt | Glutamine | glutamine | Isoglutamine 
Micrograms | Micrograms | Micrograms 

NH3-N NH:-N | 
No added salt______..._..___-- ¢ 8 | 116 
Sodium phosphate._._________- 121 17 146 
Sodium arsenate _____________ | 15 146 
Sodium sulfate _.__._.__._____- | 88 | 13 | 146 
Sodium nitrate... 19 8 | 146 
Sodium bicarbonate. 21 | 8 146 


Rat liver-was ground with sand, extracted with 
three volumes of water, and lightly centrifuged. 
All salts were present in final concentration of 


* Received for publication February 24, 1947. 
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0.06M. Digests consisted of 1 cc. of extract plus 
1 ce. of salt in veronal buffer or veronal buffer 
alone plus 1 ec. of substrate (0.014M). The pH 
of the digests was carefully adjusted to 7.8. In- 
cubation period was 1 hour at 37°. Results given 
in the table are expressed in micrograms NH, 
nitrogen. Under the foregoing conditions about 
200 micrograms of amide nitrogen was available. 
All data were corrected for extract blanks. 

In table 1 the specificity of the anion effect is 
illustrated by the failure of added inorganic salts 
to accelerate the desamidation of isoglutamine, 
whereas the peptide, chloroacetyl glutamine, be- 
haves like glutamine, although its desamidation in 
the presence of the active anions is accomplished 
at a rate considerably less than that for glutamine 
under similar conditions. 

Under the experimental conditions given in 
table 1 there was no hydrolysis of amide nitrogen 
to free ammonia in the absence of added enzyme 
or where a boiled liver extract was employed. 

Asparagine is rapidly desamidated in liver 
extracts, but the rate of this reaction is not ap- 
preciably affected by the addition of inorganic 
salts which produce an acceleration of desamida- 
tion of glutamine. In kidney extracts where 
asparaginase activity is low, an anion effect on 
asparagine desamidation was not found. Kidney 
extracts rapidly desamidate glutamine, and as in 
liver extracts the rate of enzymatic desamidation 
is increased by certain anions. 

Glutaminase activity is optimal at about pH 8.0 
to 8.5, and the effect of added anions on the desami- 
dation of glutamine in liver extracts was also 
found to be greatest in the range 8.0-9.0 (fig. 1). 
Under the conditions from which the data of 
figure 1 are derived, the pH optimum of glu- 
taminase is not sharply defined because of the 
small magnitude of NH,-N values. 

Data are expressed in micrograms ammonia 
arising in 1 hour and at various pH values from 
hydrolysis of the amide group of glutamine. The 
digests consisted of 1 cc. of the liver extract con- 
taining the equivalent of 333 mg. tissue, plus 1 ce. 
of 0.014M glutamine. Salts were added in buffered 
solution to give the desired pH and final concen- 
tration of 0.06M. Incubation period was 1 hour 
at 37° C. All values were corrected for extract 
blanks, 

That the inorganic anion effect is accomplished 
enzymatically is supported by the absence of the 
anion effect in extracts heated to 65° C. for 15 
minutes and by the relation of the rate of des- 
amidation to liver extract concentration at con- 
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Figure 1.—Effect of pH on the desamidation of glutamine 
alone and in the presence of phosphate and of arsenate. 


O GLUTAMINE 
140 @ GLUTAMINE + PHOSPHATE e 


60; 


MICROGRAMS AMMONIA N 


0.5 1.0 1.5 20 


CUBIC CENTIMETERS RAT LIVER EXTRACT 
Ficune 2.—Effect of rat-liver-extract concentration on the 
desamidation of glutamine alone and in the presence 
of phosphate. 
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stant phosphate concentrations (fig. 2). The data 
in figure 2 are expressed in terms of micrograms 
ammonia nitrogen resulting from the enzymatic 
hydrolysis of glutamine as a function of liver- 
extract concentration. The digests consisted of 
varying amounts of rat-liver extract at an initial 
concentration of 3 ce. of water per gram of tissue, 
made up toa constant volume of 2 ce. with distilled 
water, plus 1 ce. of 0.014M glutamine, and 1 ce. of 
phosphate buffer to give a final concentration of 
0.06M and a pH of 7.2. At this pH the reaction 
is slower than at pH 8, thereby permitting the use 
of a wide range of extract concentration of high 
buffering capacity. The period of incubation was 
1 hour at 37° C. 

The relation of inorganic phosphate concen- 
tration to the rate of enzymatic desamidation of 
glutamine in dilute liver extracts 1s illustrated 
in figure 3. Digests consisted of 0.5 cc. of extract 
buffer solution prepared by extracting rat liver 
with three volumes of water and diluting with an 
equal volume of veronal buffer to give a final pH of 
8.0, plus 0.5 ce. of varying concentrations of in- 
organic phosphate adjusted to pH 8 and 1 ce. of 
glutamine to give a final concentration of 
6.8 x 10°°M or 2.7 x 10?M. Data are corrected 
for extract blanks and are expressed in micrograms 
ammonia N arising from the enzymatic desamida- 
tion of glutamine. Period of incubation was 1 
hour at 37° C. 

The data of figure 3 show that the maximal rate 
of desamidation for two different concentrations 
of glutamine (6.8 x 10°M and 2.7 x 10°°M) is 
approached at 0.03 M phosphate. The slope of 
the curves for the two different glutamine con- 
centrations indicates that the lower glutamine con- 
centration requires more phosphate to achieve a 
given fraction of optimal activity than does the 
higher glutamine concentration. 

Because of a limited supply of glutamine the 
products of the anion-activated desamidations 
have not been isolated. In experiments employing 
inorganic phosphate this component has_ been 
found to remain constant throughout the course 
of the reaction. Hamilton (45) found that glu- 
tamine heated in aqueous solution at 100° C. for 
9) minutes exhibited greater lability in the pres- 
ence of phosphate than other inorganic ions. 
These conditions resulted in the formation of pyr- 
rolidone carboxylic acid which by virtue of ring 
closure did not react with ninhydrin to evolve car- 
bon dioxide. Chloramine-T, like ninhydrin, re- 
acts with compounds having a free carboxyl] group 
adjacent to a free a-amino group to evolve carbon 
dioxide, and this reaction has been employed by 
Cohen (4) in following transaminase activity. 
MelIlwain (6) reported that pyrrolidone car- 
boxylic acid did not evolve carbon dioxide when 
treated with chloramine-T. 
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ENZYMATIC DESAMIDATION OF GLUTAMINE BY ANIONS 


In order to determine whether pyrrolidone car- 
boxylie acid was a principal product of the phos- 
phate-activated enzymatic desamidation, the 
chloramine-T reaction was carried out on the di- 
gest deproteinized by sulfuric acid-tungstic acid 
before and after incubation was employed. The 
pyrrolidone carboxylic acid used in these experi- 
ments was prepared by heating glutamine at 100° 
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Ficture 3.—Relation of phosphate concentration to en- 
zymatic desamidation of glutamine. 


C. for 2 hours in the presence of 0.06M phosphate 
at pH 7.2. 

Digests consisted of 1 ec. of rat-liver extract 
equivalent to 166 mg. tissue, 1 ec. of 0.014M glu- 
tamine or pyrrolidone carboxylic acid and 1 ce. 
of 006M phosphate. The final pH of the mixture 
was 7.8. Blanks contained water in place of glu- 
tamine. The incubation period was 2 hours at 
37°C. All data were corrected for blanks. The 
determination of CO, evolved from the chlor- 
amine-T reaction was carried out in Warburg ves- 
sels according to Cohen (4). 


The carbon dioxide evolved in the digests con- 
taining pyrrolidone carboxylic acid varied initially 
in mental aapetianein from 40 to 100 microliters, 
and after 2 hours of incubation from 52.5 to 100 
microliters. The carbon dioxide evolved in the 
digests containing glutamine varied in several 
experiments initially from 451 to 650 microliters, 
and after 2 hours of incubation from 680 to 787 
microliters. Determination of the amount of am- 
monia N and residual amide nitrogen indicated 
about 85 percent hydrolysis. The theoretical value 
for glutamine on the basis of Cohen’s value for 
glutamic acid (4) is 627 microliters carbon dioxide, 

These data show that the product of the phos- 
phate-activated desamidation of glutamine reacts 
with chloramine-T to evolve CO. in amounts 
slightly higher than glutamine, thereby eliminat- 
ing pyrrolidone carboxylic acid as a product of the 
reaction. Furthermore, pyrrolidone carboxylic 
acid when incubated with liver does not yield a 
product which reacts with chloramine-T to evolve 
CO,, a finding which indicates that pyrrolidone 
‘arboxylic acid is not an intermediate product. 
Presumably glutamic acid and ammonia are the 
principal products of the anion-activated desami- 
dation of glutamine by aqueous liver extracts. 

The anion acceleration of enzymatic desamida- 
tion of glutamine in aqueous liver extracts is 
diminished but not destroyed by dialysis, provid- 
ing the pH of the dialyzate is maintained at 7.5 
to 8.0. 


DISCUSSION 


The acceleration of desamidation of glutamine 
in aqueous rat-liver extracts by phosphate, ar- 
senate, and sulfate may involve several mechan- 
isms. Of these the most probable are (1) the 
formation of a labile intermediate combination 
of glutamine and anion, and (2) an anion activa- 
tion of glutaminase. The possibility of tautomer- 
ism of the amide group of glutamine to an imino 
group as illustrated suggests that an esterified 
imino compound could arise as follows: 

NH: NH NH 
PO; 
—C Oo 


\ 


OH o— P—OH 


‘OH 
Karrer (7, p. 178) cites the following reaction 
where an imide-sulfuric acid ester has been isolated 
from the acid hydrolysis of a-hydroxy nitriles. 


OH OH NH 
H a 
R—C—C=N —— R—C—C oO 
H H o—SsS=0 
OH 


On the other hand, the fact that the optimum 
effect of phosphate and arsenate occurs at nearly 
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the same pH optimum as that of glutaminase, 
suggests that the effect of these ions may be due 
to an augmentation of the activity of this enzyme. 
The possibility that both mechanisms might occur 
is not excluded. 

SUMMARY 


Aqueous extracts of rat liver which possess little 
glutaminase activity are capable of rapidly des- 
amidating glutamine in the presence of added 
phosphate, arsenate, or sulfate in the usual order 
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of their effectiveness. Liver extracts dialyzed 
against distilled water lose the capacity to desami- 
date glutamine in the presence of the active anions, 
If the pH of the dialyzate is maintained at 7.5- 
8.0 by bicarbonate most of the activity is retained. 

The pH at which the inorganic anion effect. is 
optimal in liver extracts is 8.0, the optimum of 
glutaminase activity. Pyrrolidone carboxylic 
acid has been excluded as a product of the reaction 
by use of the chloramine-T method. 
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EFFECTS OF ACIDITY AND OF HEATING ON THE CAPACITY OF RAT LIVER 
EXTRACTS TO DESAMIDATE GLUTAMINE AND ASPARAGINE! 


By Maurice research jellow, and Jesse P. GREENSTEIN, chief biochemist, National Cancer Institute, 
National Institute of Health, United States Public Health Service 


INTRODUCTION 


Glutamine is desamidated relatively slowly by 
aqueous extracts of rat liver. When pyruvate 
(/-4) or phosphate (5) is added to the digest, 
the rate of desamidation is considerably increased. 
The pH-activity curve of glutaminase reaches a 
maximum at pH 8.0. The effect of phosphate 
on the rate of desamidation of glutamine also 
reaches a maximum at pH 8.0 (5). At pH 6.0 
there is no evidence of desamidation of glutamine 
alone or in the presence of added phosphate (4), 
but in the presence of added pyruvate there is a 
considerable desamidation of glutamine (2). The 
pH-activity curve for the effect of pyruvate on the 
desamidation of glutamine reaches a peak at about 
pH 7.2 (2). 

Addition of pyruvate to digests of rat-liver ex- 
tract with asparagine results in an increased rate 
of desamidation (/—4), but addition of phosphate 
has no effect on the desamidation of this amide 
(5). Pyruvate thus has the same effect on gluta- 
mine and on asparagine, but phosphate appears to 
affect only the desamidation of glutamine. 

In the hope of further separating and distin- 
guishing the effects of pyruvate and phosphate on 
the desamidation of acid amides, we subjected the 
rat-liver extracts used as the source of the enzymes 
to various procedures involving acidifying at 
various pH values and heating for various time 
-ntervals prior to digestion with the substrates at 
pH 8.0 and at 37° C. 


MATERIALS AND METHODS 


The preparation of aqueous rat-liver extracts, 
of substrates, and the methods of conducting the 
enzymatic analysis have been described (1-5). 
The heating was done by immersing freshly pre- 
pared extracts in a constant-temperature bath for 
various periods, The extract was then immedi- 
ately chilled, warmed to room temperature, and 
aliquots were employed for the enzymatic digests. 
The acidifying procedures were performed by add- 
ing acetic acid or dilute hydrochloric acid slowly, 
while stirring, to the chilled extract. The pH of 
the extracts prior to heating or to the addition of 
acid was 6.7-6.9. After treating with heat or acid 
and letting stand for designated periods, the ex- 
tracts were brought to pH 8.0 by addition of ver- 
onal acetate-sodium hydroxide buffer. The digests 
consisted of 1 cc. of treated or untreated extract at 
a concentration equivalent to 333 mg. tissue, 1 cc. 


* Received for publication March 11, 1947. 
* On leave from University of Brussels, Belgium. 


veronal buffer, 1 ce. 0.014M glutamine or aspara- 
gine, and 1 ce. of either 0.025M sodium pyruvate or 
0.022M phosphate. Blanks contained water in 
place of either the amides, the pyruvate or phos- 
phate, or both, and the readings are corrected for 
these blanks. The digestion period was 4 hours at 
37° C. The final pH at the end of the reaction 
was 7.7-7.8. 

RESULTS 


AcIp STaBILiry oF Rat-LIVER EXTRACTS 


Figure 1 illustrates the pH-activity curves of 
glutamine, of glutamine plus added phosphate, 
and of glutamine plus added pyruvate, all with 
rat-liver extracts. The data for glutamine and for 
glutamine plus pyruvate are from Goncalves and 
Greenstein (2), those for glutamine plus phos- 
phate from Carter and Greenstein (5). The 
curves have been placed on one figure for ready 
reference. It will be noted that the optimum 
phosphate effect on desamidation of glutamine is 
nearly the same as that of glutaminase, whereas 
the optimum pyruvate effect is definitely more 


X - GLUTAMINE 
- GLUTAMINE + PHOSPHATE 
@ - GLUTAMINE + PYRUVATE 


MICROGRAMS AMMONIA 


pH 


Figure 1.—Amide nitrogen as ammonia split from digests 
of rat-liver extracts with glutamine, glutamine plus 
pyruvate, and glutamine plus phosphate, as a function 
of the pH of the digests. 
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acid. At pH 6.0 there is no desamidation of glu- 
tamine, alone or in the presence of added phos- 
phate, but there still is a considerable desamidation 
of this amide in the presence of added pyruvate. 
At pH 8.0 the rate of desamidation of glutamine is 
much faster in the presence of phosphate than of 
pyruvate (5). In this connection, it should be 
remembered that the curves in figure 1 for glu- 
tamine and for glutamine plus pyruvate show 
results obtained after 4 hours of incubation at 
37° C., whereas the curve for glutamine plus phos- 
phate shows results obtained after 1 hour of in- 
cubation at this temperature. 

Figure 2 gives data relating to the activity of 
rat-liver extracts at various pH values (veronal 
buffers) under the same conditions as those ob- 
tained for glutamine, with and without pyruvate 
(2) (ef. fig. 1). The higher activity of aspar- 
aginase in rat-liver extract compared with that of 
glutaminase is revealed. The effect of pyruvate on 
the desamidation of asparagine is best revealed at 
about pH 6.7 (7). At pH 8.0, the optimum for 
asparaginase activity, the asparagine is_ itself 
desamidated to about 75 percent, hence the effect 
of pyruvate is not so obvious at this pH. 

Figure 3 depicts the stability at various pH 
values of fresh aqueous extracts of rat liver (3 ce. 
of water per gram of tissue). The extracts were 
brought to the pH values designated, kept for 2 
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Figure 2.—Amide nitrogen as annuonia split from digests 
of rat-liver extracts with asparagine, and asparagine 
plus pyruvate, as a function of the pH of the digests. 
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Ficvure 3.—Amide nitrogen as ammonia split at pH 8.0 from 
digests of glutamine, glutamine plus pyruvate, and glu- 
tamine plus phosphate with aqueous rat-liver extracts 
which had stood for 2 hours at various pH values prior 
to digestion of the substrates. All extract aliquots taken 
from the same stock extract solution. 


hours at 25° C., and 1 ce. aliquots brought to pH 
8.0 by the addition of 1 ce. of veronal acetate-dilute 
sodium hydroxide buffer. To this were added 1 ce. 
of 0.014M glutamine and 1 ce. of either 0.025M 
pyruvate or 0.022M phosphate. The digests were 
then incubated for + hours at 37°. The final pH 
was 7.7-7.8 in all tubes. It is noted from figure 3 
that destruction of the capacity of the extract to 
desamidate glutamine, alone or in the presence of 
phosphate, increases with decreasing pH far more 
than its capacity to desamidate glutamine in the 
presence of pyruvate. After 2 hours of standing 
at pH 5, the capacity of the rat-liver extract to 
desamidate glutamine with or without added phos- 
phate at pHs is completely lost, whereas the capac- 
ity to desamidate glutamine in the presence of 
pyruvate is decreased by only 20 percent. 

These phenomena are further emphasized in 
figure 4+. The data were obtained with fresh rat- 
liver extracts allowed to stand at 25° C. at pH 
5.5 for various lengths of time before being 
brought to pH 8.0 with veronal buffer and treated 
with substrate solutions as described for data given 
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Figure +.—Amide nitrogen as ammonia split at pH 8.0 from 
digests of glutamine, glutamine plus pyruvate, gluta- 
mine plus phosphate, asparagine, and asparagine plus 
pyruvate with aqueous rat-liver extracts which had 
stood at pH 5.5 for varying lengths of time prior to 
digestion of the substrate. All extract aliquots taken 
from the same stock extract solution. 


in figure 3. Except for periods during which the 
extract stood prior to the final digestion with the 
substrates, the conditions of the experiments de- 
scribed in figure + were the same as those described 
in figure 3. The data in figure + reveal that even 
after + hours at pH 5.5, the capacity of the extract 
at pH 8.0 to desamidate glutamine or asparagine 
in the presence of pyruvate had decreased rela- 
tively little; yet after only about 1 hour the capac- 
ity at pH 8.0 to desamidate glutamine alone or in 
the presence of phosphate had virtually disap- 
peared, while its capacity to desamidate asparagine 
alone had markedly decreased. 


X - ASPARAGINE + PYRUVATE 
O-GLUTAMINE + PYRUVATE 
@ - ASPARAGINE 

@- GLUTAMINE + PHOSPHATE 
O- GLUTAMINE 


PRIOR ACIDIFICATION 
o 


20 


PERCENT AMMONIA N OF VALUES AT PH @ witHouT 


° 1 1 L 
° 60 120 180 240 


MINUTES STANDING OF EXTRACT AT pH 5.5 BEFORE INCUBATION AT pH & 


Figure 5.—Percent of activity at pH 8.0 of the capacity of 
rat-liver extracts pre-acidified for 2 hours at pH 5.5 and 
then incubated at pH 8.0 to desamidate glutamine or 
asparagine, glutamine plus pyruvate or phosphate, and 
asparagine plus pyruvate. Data based on figure 4. 
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The data on acid stability of rat-liver extracts 
are collected in figure 5 as percent of the respective 
values of unacidified extract at pH. 8 given by vari- 
ous acidified extracts which had stood at pH 5.5 
for different intervals before being brought to pH 
8.0. The stability of enzymes in the extracts con- 
cerned with the desamidation of glutamine or 
asparagine in the presence of pyruvate is nearly 
the same, and with the desamidation of glutamine 
alone or in the presence of phosphate is also nearly 
the same. 


160k ASPARAGINE + PYRUVATE 


GLUTAMINE + PYRUVATE 


ASPARA- 
GINE 


MICROGRAMS AMMONIA N 


40- 


GLUTAMINE 
20- 


40 50 60 


70 


80 
TEMPERATURE AT WHICH EXTRACTS WERE HEATED 
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Figure 6.—Amide nitrogen as ammonia split at pH 8.0 
from digests of amino acid amides alone and in the 
presence of pyruvate with aqueous rat-liver extracts 
heated for 10 minutes at various temperatures prior to 
digestion of the substrates. All extract aliquots taken 
from the same stock extract solution. 


Heat STapiLiry or ExTRACctTs 


Figure 6 gives data on the effect of heating ali- 
quots of the same stock extract solution (3 cc. of 
water per gram of tissue) for 10 minutes at vari- 
ous temperatures. Following this the extracts 
were chilled, warmed to room temperature, mixed 
with veronal buffer to bring to pH 8.0, substrate 
solution was added, and the mixtures were incu- 
bated for 4 hours at 37° C. The total volume of the 
digests, 4 ce., and their composition were the same 
as in experiments depicted in figure 3. The final 
pH was 7.7-7.8. 

Figure 6 shows that when preheated at 50° C., 
the capacity of the extracts to desamidate the 
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amides alone is practically lost, whereas the ca- 
pacity to desamidate the amides in the presence of 
pyruvate is little affected. Above this tempera- 
ture there is a rapid decrease in the latter capacity, 
but even when preheated at 60° C. there is an ap- 
preciable residual capacity. At 70° C. this capac- 
ity is completely gone. These phenomena are bet- 
ter revealed by asparagine than by glutamine, since 
asparaginase activity of liver is much higher than 
glutaminase activity. To illustrate the point still 
further, figure 7 gives the percentage of original 
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Ficure 7.—Percent of activity at 37° C. of the capacity of 
rat-liver extracts preheated for 10 minutes at various 
temperatures to desamidate asparagine alone and in 
the presence of pyruvate at 37° C. Data based on 
figure 6. 


asparagine-desamidation activity at 37° C. as a 
function of the heat stability of the extract prior 
to digestion. The data in figure 7 were derived 
from those shown in figure 6. The ordinate in 
figure 7 is given as the ratio multiplied by 100 of 
amide ammonia N found in digests containing pre- 
heated extract at various temperatures to that of 
digests preheated for the same period of time (10 
minutes) at 37° C. In brief, each point on the 
curves in figure 7 represents the percent of the first 
point on the corresponding curves in figure 6. The 
capacity of the extract preheated at 50° C. to 
desamidate asparagine has dropped to about 10 
percent of the original; the capacity of the same 
extract to desamidate asparagine in the presence 


of pyruvate has dropped only to 90 percent of its 
original value. 

Figure 8 reveals the capacity of fresh aqueous 
extracts of rat liver (3 cc. of water per gram of 
tissue) preheated for varying lengths of time at 
55° C. to desamidate glutamine at 37° C. alone 
and in the presence of either added phosphate or 
added pyruvate. Except for the length of pre- 
heating, experimental conditions were the same 
as those described. The digests consisted of 1 ce. 
of preheated extract chilled after heating and then 
brought to room temperature. 1 ce. of veronal 
buffer to bring the mixture to pH 8.0, 1 ce. of 0.014 
glutamine, and 1 cc. of either 0.022M phosphate or 
0.025M pyruvate. The digestion period was 4 
hours at 37° C. Although preheating the extract 
at 55° C. for only 5 minutes before cooling, mix- 
ing with the substrates, and digesting for + hours 
at 37° C. nearly destroys the capacity of the ex- 
tract to desamidate glutamine alone and in the 
presence of added phosphate, the capacity of the 
same extract to desamidate glutamine in the pres- 
ence of added pyruvate is appreciable even after 
it has been preheated for a half hour. 


DISCUSSION 


From the data, given in this and preceding 
papers (/—4), it appears probable that the effect 
of pyruvate on the desamidation of glutamine and 
of asparagine is not concerned with glutaminase 


or asparaginase activity, respectively. The pH 
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Figure 8.—Amide nitrogen as ammonia split at pH 8) 
from digests of glutamine with rat-liver extracts pre 
heated for varying lengths of time at 55° C. before digest- 
ing at 37° C. with substrates. All extract aliquots were 
taken from the same stock extract solution. 
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optimum of the activity of glutaminase is more 
alkaline than that of the effect of pyruvate on the 
desamidation of glutamine. The stability of tissue 
extract in acid is much greater in the case of the 
pyruvate effect than in that of glutaminase or 
asparaginase. At temperatures which completely 
inactivate glutaminase and asparaginase activity 
in liver extracts, the capacity of such extracts to 
desamidate glutamine and asparagine in the 
presence of pyruvate is almost completely retained. 
The data in figure 1 were obtained on digests of 
glutamine in the presence and absence of added 
pyruvate. The relatively high activity of the 
pyruvate effect at pH 6.0, for example, where 
glutaminase activity is nil, might be due to some 
protective effect of added pyruvate on glutaminase 
in acidified extract. This explanation may, how- 
ever, be ruled out by the data given in figures 3 and 
4 obtained on extracts pretreated with acid before 
alkalinizing and mixing with the substrates. It 
may suggest instead that the different acid stabil- 
ity revealed when glutamine or glutamine plus 
pyruvate was added is due to involvement of dif- 
ferent enzymatic mechanisms in each case. The 
different heat stability of the extract for aspara- 
gine and for asparagine plus pyruvate further 
emphasizes this point. That there is no apprecia- 
ble destruction of asparaginase or of the pyruvate 
effect on asparaginase desamidation in liver ex- 
tracts at pH. 6.8 is shown by the linear and progres- 
sive character of the curves for these activities 
over a 4-hour period at 37° C. (-). 

It seems highly probable, therefore, that cdes- 
amidation of glutamine and of asparagine in the 
presence of pyruvate is effected by the formation 
of some labile intermediate compound between 
the amino acid amide and pyruvate. The nature 
of this hypothetical intermediate is not known at 
the present time. In the first paper in this series, 
Greenstein and Carter (/) suggested that the most 
probable type of intermediate between amide and 
keto acid would be of the nature of a dehydro- 
peptide, giving reasons for this belief. In our 
opinion this explanation is still the most likely at 
the present time to account for the invariably 
greatly increased rate of desamidation of gluta- 
mine and of asparagine in the presence of added 
pyruvate (1-4). According to this explanation, 
two enzymatic steps are involved in this pyruvate 
effect, namely, (1) a condensation between amide 
and carbonyl group of the keto acid to form a de- 
hydropeptide, followed by (2) splitting of the de- 
hydropeptide to yield the corresponding amino 
acid, ammonia, and pyruvate. The keto acid is 
not consumed by the reaction but is completely re- 
generated (7-2), and the ammonia which appears 
is accounted for by a corresponding decrease in 
the amide nitrogen of the amide. To prove the 
validity of the foregoing explanation, the inter- 

742421473 


mediate dehydropeptide must be either isolated or 
recognized during the course of the reaction. At- 
tempts to note a change in the ultraviolet light 
absorption at 2500 A in digests of glutamine with 
pyruvate in rat-liver extracts have been negative. 
Although the high characteristic absorption of 
dehydropeptides in this spectral range is not ob- 
served in such digests (6), this can be explained by 
the powerful dehydropeptidase activity in liver 
extracts (6-7) which probably results in the split- 
ting of the dehydropeptide as fast as it is formed, 

The effect of pyruvate on desamidation of amino 
acid amides probably is also different from the ef- 
fect of phosphate. Both pyruvate and phosphate 
addition to liver extract results in an increased 
rate of desamidation of glutamine (/—5), but 
whereas pyruvate also increases the rate of desami- 
dation of asparagine, phosphate has no effect on 
the desamidation of this amino acid amide (45). 
The pH-activity range, acid stability, and heat sta- 
bility of rat-liver extracts in respect to the desami- 
dation of glutamine tend to be similar in the pres- 
ence and in the absence of added phosphate. Con- 
sidered together with the high acceleration of 
glutamine desamidation effected by this anion, a 
rate far greater than that of pyruvate at equiva- 
lent concentration, the effect of added phosphate 
in liver extracts appears to be mainly a direct acti- 
ration of glutaminase activity. In the absence of 
established evidence, however, the possibility of 
some labile, intermediate phospho-imino ester, 
formed by union between phosphate and amide 
group, as suggested by Carter and Greenstein (4), 
may also be invoked to explain the accelerating 
effect of phosphate on the desamidation of 
glutamine. 

SUMMARY 


Aqueous extracts of rat liver treated with acid 
to vield varying pH valves and allowed to stand 
for varying lengths of time before bringing to pH 
8.0, mixing with glutamine or asparagine in the 
presence or absence of added pyruvate, and incu- 
bating at 37° C. for 4+ hours, revealed as the pH 
decreased, a rapid and progressive decrease in their 
capacity to desamidate glutamine or asparagine 
alone. Their capacity to desamidate glutamine or 
asparagine in the presence of added pyruvate was 
preserved to an appreciable degree. 

Aqueous extracts of rat liver when heated at 
various temperatures for different periods of time 
before chilling, warmed to room temperature, and 
incubated with glutamine or asparagine in the 
presence or absence of added pyruvate or phos- 
phate, revealed, as temperature increased, a rapid 
and progressive decrease in their subsequent 
capacity to desamidate glutamine alone or in the 
presence of added phosphate, and to desamidate 
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asparagine alone. Their capacity to desamidate 
either glutamine or asparagine in the presence of 
added pyruvate was preserved to an appreciable 
degree. 

It is probable that pyruvate accelerates the 
desamidation of glutamine and asparagine in rat- 


liver extracts by a mechanism independent of 
glutaminase or asparaginase activity. It also ap- 
years probable that phosphate accelerates the 
Secensitalinn of glutamine by a direct activation 
of glutaminase, but other mechanisms are not 
excluded. 
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ENZYMATIC HYDROLYSIS OF ACETYLDEHYDROALANINE'* 


By Jose M. Goncatves,’ Rockefeller Foundation Fellow, Vincent E. Price, assistant surgeon, and JESSE P. GREENSTEIN, 
chief biochemist, National Cancer Institute, National Institute of Health, United States Public Health Service 


INTRODUCTION 


Peptides of a-aminoacrylic acid (dehydro- 
alanine) with glycine or chloroacetic acid as the 
acyl radical are hydrolyzed in aqueous extracts of 
kidney and liver to yield products which include 
pyruvic acid and ammonia (/-5). The enzymatic 
system responsible for the hydrolysis of this class 
of compounds was designated by Bergmann and 
Schleich as dehydropeptidase (6, 7). 

Glycyldehydroalanine is hydrolyzed by all the 
tissues studied, including normal and neoplastic, 
and in all species investigated (/—5). Chloro- 
acet yldehydroalanine, on the other hand, is hydro- 
lyzed with appreciable velocity, only in extracts 
of kidney, liver, and pancreas of all the tissues 
studied. On the basis of this distribution, it was 
postulated that at least two distinct dehydro- 
peptidases existed. One designated as dehydro- 
peptidase I existed in high activity in all animal 
tissues, and for it the substrate glycyldehydro- 
alanine could be employed (4). The other, desig- 
nated as dehydropeptidase IT, possessed a much 
more limited distribution, and for it the substrate 
chloroacetyldehydroalanine could be employed. 

The present paper is concerned with the sus- 
ceptibility to enzymatic attack of still a third type 
of dehydropeptide, acetyldehydroalanine, in which 
the acyl radical possesses no polar substituent. 
Comparison of the rate of splitting of this sub- 
strate in rat-kidney extracts with that of the cor- 
responding glycyl and chloroacetyl peptides is 
described. 


MATERIALS AND METHODS AND EXPERIMENTAL 
PROCEDURE 


Aqueous extracts of rat tissues were prepared as 
described (4,5). Each cubic centimeter contained 
the equivalent of 333 mg. of fresh tissue. The 
digests, unless noted otherwise, consisted of 1 cc. 
of extract plus 2 cc. of borate buffer at pH 8.2, 
and 1 ce. of either water or 0.025M peptide. The 
peptide solution was neutralized with dilute 
sodium hydroxide before use. The initial pH of 
the digest was 8.0, and the final pH was about 
7.8-8.0. 

Acetyldehydroalanine was prepared by heating 
diacetaminopropionic acid in glacial acetic acid 
solution according to the method of Bergmann and 
Grafe (8). The product was crystallized from 
absolute methanol from which solvent it separates 
on chilling in flat, glistening plates. The diace- 


* Received for publication April 1, 1947. 
*On leave from the Laboratory of Biophysics, University of 
Brazil, Rio de Janeiro. 


iaminopropionic acid was prepared by the method 
described (9); the yield of this product is about 
80 percent if purified acetonitrile and pyruvic acid 
are employed. 

The hydrolysis of the substrates was followed by 
measuring the ammonia produced at the end of 
the incubation period and by the amount of pyru- 
vate produced (/-}). ecovery experiments 
showed that 90-95 percent of added ammonia or 
pyruvic acid could be recovered from dialyzed 
extracts of rat liver and kidney after 4 hours of 
incubation. Acetyldehydroalanine was also char- 
acterized by its absorption in the ultraviolet — 
of the spectrum, and its hydrolysis in aqueous kid- 
ney extracts was followed spectrophotometrically 
by the method previously described (4). The sub- 
strate was neutralized before use with dilute so- 
dium hydroxide. It is stable in aqueous solution 
for several weeks. 

The glycyldehydroalanine and chloroacetylde- 
hydroalanine studied were part of the material 
reported earlier (7-4), and acetyldehydrophenyl- 
alanine was furnished by Dr. J. White. 

A few experiments were similarly performed 
with acetyldehydrophenylalanine as substrate. 


RESULTS 


Table 1 gives the data on the ammonia and pyru- 
vate produced from acetyldehydroalanine in fresh 
aqueous extracts of rat tissues. The data are cor- 
rected for the extract blanks. Period of incuba- 
tion was 4 hours at 37° C. 

Kidney is by far the most active tissue in hy- 
drolyzing acetyldehydroalanine, with liver next 
in order, while spleen, pancreas, brain, and muscle 
reveal little or no activity. The molar ratio of 
ammonia to pyruvic acid which appears in the 
digests at the end of the incubation period is close 
to unity, a finding consistent with that noted pre- 
viously for glyeyldehydroalanine and for chloro- 
acetyldehydroalanine (7). 


TABLE 1—Ammonia and pyruvic acid evolved from ace- 
tyldehydroalanine in dialyzed extracts of rat tissues 


Molar ratio 


iss ig 2 Pyruvie of ammonia 
Tissue ! Ammonia? | acid 2 to pyruvic 
ac 
178 | 1. 278 | 0.9 
64 462 9 


1 Extracts of spleen, brain, pancreas, and muscle showed little or no 
activity. 

2In terms of micrograms. Theory for ammonia 350, for pyruvic acid 
2,200. Substrate at 0.025M concentration. 

3 Results of similar incubation of these tissues with acetyldehydropheny]- 
alanine were completely negative. Tissues dialyzed for 4 hours against 
distilled water at 5° C. 
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It has been taken for granted that enzymatic 
hydrolysis of the dehydropeptides was effected at 
the peptide bond, leading to formation of the acyl 
acid and «-aminoacrylic acid; the latter hydro- 
lyzes spontaneously to yield ammonia and pyruvic 
acid, Thus: 

RCON HC(=CH,)\COOH—RCOOH + CH, =C(N H.)COOH 
(1) 


The possibility that the peptide may be split to 
yield the acid amide and pyruvic acid was origin- 
ally considered by Bergmann and Schleich (6,7), 
thus: 
RCONHC(=CH,)COOH—RCONH; + CH;COCOOH (2) 


This possibility was rejected when Bergmann and 
Schleich noted that the formation of ammonia 
from glycine amide was too low to account for the 
rate of splitting of glycyldehydroalanine. Since 
the present experimental conditions are different 
from those employed by Bergmann and Schleich, 
it was considered desirable to retest the possibility 
that the dehydropeptides might be split into the 
corresponding acid amides and pyruvic acid by 
noting the action of fresh kidney extracts on gly- 
cine amide (possible product of glycyldehydro- 
alanine), chloroacetamide (possible product of 
chloroacetyldehydroalanine) , and acetamide (pos- 
sible product of acetyldehydroalanine). The 
tests were performed under conditions given for 
the experiments summarized in table 1. 


Substrate immonia N in micrograms * 
Glycine amide 118 
Chloroacetamide 0 


Acetamide 0 


Complete splitting would yield 350 micrograms. 


Only glycine amide is split under these condi- 
tions, and this to a very much less extent than is 
glycyldehydroalanine (7,5). In agreement with 
Bergmann and Schleich, therefore, reaction 1 
seems to be the more probable of the two reac- 
tions, and the enzymatic hydrolysis of the sub- 
strates seems to be effected at the peptide bond. 
The ratio of nearly one for ammonia to pyruvate 
is the result of the hydrolysis of this bond, since 
by reaction 2, chloroacetyldehydroalanine and 
acetyldehydroalanine would yield pyruvate but no 
ammonia. 

The failure of acetyldehydrophenylalanine to 
be hydrolyzed under conditions under which ace- 
tyldehydroalanine is split demonstrates the effect 
of the phenyl! group in inhibiting the action of the 
enzyme. 

Figure 1 describes the absorption curves in the 
ultraviolet of glycyldehydroalanine, of chloroace- 
tyldehydroalanine, of acetyldehydroalanine, and 
of acetyldehydrophenylalanine. The curves at 
equimolar concentrations of the three aliphatic 
peptides are very nearly alike. The curves for 
pyruvie acid and glycylalanine are included for 


comparison. The absorption of acetyldehydro- 
phenylalanine, except at 2350A, is considerably 
greater than that of the other dehydropeptides. 
Figure 2 describes the changes, with time of 
incubation, in the absorption of acetyldehydro- 
alanine in the presence of aqueous rat-kidney ex- 
tracts at pH 8.0. Spectrophotometric determina- 
tions were made at time intervals on aliquots of 
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Figure 1.—Absorption curves of 1.7 x 10* M aqueous solu- 
tions of dehydropeptides, of pyruvic acid, and of 
glycylalanine. 


0.2 ec. removed from the digests described pre- 
viously, which were subsequently diluted with 10 
ec. of distilled water. The initial concentration 
of peptide under these conditions is 1.2 x 10“ M. 
The absorption progressively diminishes with 
time of incubation, corresponding to a splitting 
of the substrate. The decrease in absorption at 
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2500A after + hours of incubation indicates about 
60 percent hydrolysis of the substrate. Ammonia 
determinations made simultaneously are in agree- 
ment with this figure. 

Lickesinapesiitan activity in rat kidney ex- 
tracts given as before (5) in terms of substrate 
split per hour per milligram of total N in the ex- 
tract is described in the following tabulation for 
each of the three substrates tested. 


Substrate Dehydropeptidase activity! 
82 
Chloroacetyldehydroalanine a3 


‘In terms of milligrams substrate x 10 split per hour per 
milligram total N in aqueous rat-kidney extract. Rate of decrease 
of absorption measured at 2500A in Beckman spectrophotometer. 
pH, 8.0. Concentration of subtrate, 0.025 M. 
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Figure 2.—Changes in absorption of acetyldehydroalanine 
at initial concentration of 1.2 x 10* M as a result of 
digestion with rat-kidney extracts. Top curve: sub- 
strate in water; bottom curve: pyruvate in water ; inter- 
mediate curves: digests after various periods of incu- 
bation, pH, 8.0. 


At pH 6.8, under the conditions given previously 
(5), the activity of rat-liver extract for the three 
substrates is, respectively; glycyldehydroalanine 
86, chloroacetyldehydroalanine 20, and acetylde- 
hydroalanine close to 0. The optimum dehydro- 
peptidase activity is near pH 8. 


DISCUSSION 


The N-acetyl group is ordinarily one of the most 
stable linkages known in biologic systems. The 
(detoxication of many primary amines by acetyla- 
tion is a well-known fact, as illustrated by the 
behavior of the sulfanilamides. Such compounds 


as acetylglycine, acetylalanine, and their substi- 
742421474 
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tuted halogen derivatives like chloroacetylalanine, 
are nearly completely resistant to enzymatic hy- 
drolysis. Only when an amino group is substi- 
tuted into the acetyl radical, forming a glycy] resi- 
due, is some measure of susceptibility to peptidase 
action achieved. 

The N-acetyl derivative of a-aminoacrylic acid 
(acetyldehydroalanine) is, however, readily hy- 
drolyzed in aqueous extracts of rat kidney and 
liver. The N-chloroacetyl derivative is still more 
readily split, while the N-amino-acetyl (glyecyl) 
derivative is hydrolyzed at an even greater rate 
under similar conditions. The relative order of 
susceptibility of the substituted N acetyl peptides 
is much the same, but the order of magnitude of 
rate of enzymatic hydrolysis is very much greater 
in the case of the unsaturated peptides as compared 
with their saturated homologues (7). The failure 
of acetyldehydrophenylalanine to be hydrolyzed 
under conditions under which acetyldehydroal- 
anine is readily split, suggests that the presence of 
the phenyl group in the former compound is in- 
hibitory to the action of the enzyme. This is in- 
teresting in view of the fact that Bergmann and 
Schleich (6,7) noted that glycyldehydrophenyl- 
alanine was as readily hydrolyzed in kidney ex- 
tracts as glyeyldehydroalanine. Exact kinetic 
studies employing these two glycyl dehydropep- 
tides would be helpful in determining the nature 
of the influence of the phenyl group in this class of 
substrates. 

Acetyldehydroalanine, like glycyldehydroalan- 
ine and chloroacetyldehydroalanine, possesses a 
characteristic absorption in the ultraviolet region 
of the spectrum, and, according to the suggestion 
advanced earlier, probably exists in at least the 
following tautomeric equilibrium (45) : 


CH;CONHC(=CH,)COOH @CH;CON =C(CH;) 
COOH (3) 


As the hydrolysis of this compound proceeds, the 
characteristic absorption decreases. The measure- 
ment of this rate of decrease furnishes an alterna- 
tive method of observing dehydropeptidase activ- 
ity in addition to that of measuring the ammonia 
and pyruvic acid produced (5). 

The very considerable absorption in the ultra- 
violet of acetyldehydrophenylalanine is most prob- 
ably attributable to an enhancement of the charae- 
teristic absorption of the benzene ring by the ad- 
jacent aliphatic double bond. 


SUMMARY 


The enzymatic hydrolysis of acetyldehydroal- 
anine in aqueous extracts of rat kidney and liver 
has been observed by methods involving measure- 
ment of the amount of ammonia and pyruvic acid 
produced, and by spectrophotometric measure- 
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ments in the ultraviolet of the rate of change in 
the characteristic absorption of this substrate. 
The molar ratio of ammonia to pyruvate produced 
from the substrate in extracts of either tissue is 
0.9, or not far from unity, indicating that the 
acetyldehydroalanine is split at the peptide bond. 


This is further supported by the fact that acet- 
amide is not split in extracts of either tissue, and 
hence the peptide could not be hydrolyzed to amide 
and pyruvate. 

Acetyldehydrophenylalanine is not split under 
the conditions employed. 
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STUDIES ON THE AGENT OF CHICKEN TUMORI. I. THE RELATIVE POTENCIES OF 
SERIAL EXTRACTS AND THEIR COMPARATIVE VALUES AS SOURCE MATERIALS 
FOR PURIFICATION STUDIES? 


By W. Ray Bryan. principal biologist, Vernon T. Ritey, assistant biologist, D. GrorGe Dern, statistician, and 
VIRGINIA VooRHEES, statistical clerk, National Cancér Institute, National Institute of Health, United States Public 
Health Service 


INTRODUCTION 


The high content of mucoid * substances in ex- 
tracts of chicken-tumor-I (/) tissue is a compli- 
‘ating factor in attempts to purify the active 


tumor-producing agent by any of the methods gen- 


erally employed for virus purification, e. g., differ- 
ential centrifugation, differential adsorption, pre- 
cipitation by chemical substances, and filtration. 
A means was therefore sought for obtaining the 
active agent free from this mucoid material, inso- 
far as possible. The studies of Murphy and Sturm 
(2) on the serial extraction of desiccated chicken- 
tumor-I tissue suggested the possibility that fresh 
tumor tissue (which is more potent in tumor- 
producing activity than desiccated tissue) might 
be extracted serially without too rapid a reduction 
of potency in the successive extracts. and that most 
of the mucoid material (considered to be primarily 
extracellular) might be washed away in the first 
extracts, leaving some later extracts relatively free 
of this substance but still containing sufficient 
tumor agent for practical experimental purposes. 
The present studies were made to determine the 
relative tumor-producing potencies of serial ex- 
tracts of fresh tumor tissue, prepared with 0.9 
percent sodium chloride solution. In addition, 
determinations were made of the total nitrogen 
content, of the potency-nitrogen ratio, and, in some 
instances, of the hydrogen-ion concentration. 


MATERIALS AND METHODS 


The tumor tissue was from tumors produced in 
the wings of young (6 to 8 weeks old) chickens by 
cell transplantation. Tumors were removed on 
the seventh or eighth day following transplanta- 
tion, and only soft, healthy tissue, which could 
readily be scooped out with a sterile spoon, was 
taken. It was stored in a dry-ice cabinet for sev- 


eral weeks prior to use in the present experiments. 
The test chickens were of the New Hampshire 


Red breed and were hatched and raised in this 
laboratory. They were 3 to 4 weeks old at time 
of inoculation. 

Total nitrogen determinations were made by 
the direct nesslerization micro-Kjeldahl method of 
Koch and McMeekin (3) using an Aminco Ty 
F photometer for the color comparisons. The 


* Received for publication April 1, 1947. 

? This term is used to designate substances that impart a slimy 
quality to chicken-tumor extracts and is not intended to imply 
known chemical composition. 


volume of samples used in tests varied from 0.1 to 
10 ml., as required, depending upon the level of 
nitrogen concentration. 

A Beckman glass-electrode pH meter was used 
for hydrogen-ion determinations. 

Bioassays were carried out with a balanced ex- 
verimental design patterned after that described 
” Bliss and Marks (4,5) for the assay of insulin. 
The biological response used for measuring ac- 
tivity was the reciprocal of the latent period 
(X 100) previously described (6, 7). A 4-x-4 
Latin square, in which the columns were repre- 
sented by chickens and the rows by sites (both 
wings and both breast regions), or vice versa, con- 
stituted the basic design. In each experiment one 
of the tumor-agent preparations was arbitrarily 
designated as “standard” and used as a reference 
material for determining the relative potency of 
each of the other preparations of the same experi- 
ment, in a separate 4-dose (2 doses of preset and 
2 of unknown) assay experiment. The dosages 
are expressed in terms of the logarithm of the 
number of grams of tumor tissue extracted. Simi- 
lar doses were employed for both standard and 
unknown, and there was a tenfold difference be- 
tween the 2 doses of the same material. The doses 
used in assay determinations were chosen, on a 
basis of preliminary determinations, so that the 
responses would fall within the range in which the 
relationship between response and the logarithm 
of dose was linear. (See Bryan (6).) A Latin- 
square group with 10 chickens per block was used 
for each potency estimate, giving a total of 40 unit 
observations for each dose of each material. In 
computing the potency ratios and their errors, a 
common estimate of slope and of slope variance 
was employed for all simultaneous assays within 
the same experiment. 

The preparation of materials and the details 
pertaining to individual experiments are described 
in subsequent sections. 


SXPERIMENTAL PROCEDURE AND RESULTS 
EXPERIMENT 1 


Experiment 1 was done to compare the relative 
potencies of six successive extracts of the same 
batch (10 gm.) of tumor tissue prepared with 0.9 
percent NaCl solution.* In each extraction, the 
tumor tissue was placed in a Waring blender with 


3 Hereinafter referred to as NaCl solution. 
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100 ml. of NaCl solution and blended for a period 
of 1 minute; 200 ml. of NaCl solution was then 
added, and the mixture was again blended for 1 
minute. The homogenized suspension was cen- 
trifuged for 20 minutes at 4.000 r. p. m. in an 
angle head of an ordinary centrifuge * to remove 
gross tissue particles. The supernatant fluid was 
‘arefully pipetted off, except for small amounts 
left above the firmly packed pellets to prevent 
their disturbance. The centrifuge tubes (100-ml. 
‘apacity) containing the pellets were inverted and 
allowed to drain, after which the sedimented tissue 
was recovered from all tubes and used for the next 
extraction. The supernatant fluids obtained in 
the successive extractions were designated serially 
as extracts 1 through 6. 

The first extract was used as a standard of refer- 
ence in assaying the other materials (1. e., extracts 
2 through 6), and all potencies are expressed in 
relation to the potency of the first extract, which 
was considered to be unity, or 100 percent. 
Analyses of variance of the biological responses 
are given in table 1.2 Figure 1 shows the mean 


* International centrifuge No. 2: head No. 845. 

*The departure from parallelism of the two dose-response 
curves was statistically significant in data of the third assay 
group of table 1. (See also plotted points in middle chart of 
figure 1.) This result is occasionally obtained under the con- 
ditions of the present experiments and indicates that the dosage 
interval employed (i. e. 10) is not adequate to give a satisfac- 
tory estimate of slope in the separate assay groups under the 
other conditions of the experiment, namely the relatively low 
regression of response on dose (the dose-effect curves show the 
regression on log dose), the relatively wide limits of experimental 
error, and only 40 unit observations per dose. The slope of 
the dose-effect curve and the magnitude of the experimental 
error are inherent in the materials and methods employed and 
cannot be altered readily. Satisfactory estimates of slope might 
be obtained with 40 observations per dose if the doses could 
be spaced widely enough apart, but as already pointed out 
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responses to standard and unknown materials of 
the five separate assay determinations, plotted 
against logarithm of dosage. The regression lines 
all’ have the same slope (the common slope, b,, 
computed from all data of experiment 1) and 
are drawn through the respective coordinate 
points, mean log dose (x), and mean response (y), 
shown on the graphs as small closed circles. The 
horizontal interval between each pair of parallel 
lines (or the vertical distance divided by the slope 
constant, b,..), when measured on the abscissa scale, 
gives the logarithm of the potency ratio between 
the paired materials. The algebraically derived 
log ratios and their standard errors are given in 
table 2 together with the corresponding antilogs 
( 100) which represent the actual potency ratios 
in percent. The nitrogen and pH determinations 
and the relative values for nitrogen, potency, and 
potency-nitrogen ratios are summarized in table 
3. The relative values are charted for extracts 1 
through + in figure 2; the values for extracts 5 
and 6 were too small to be shown on the graph. 


(6), the chickens die from tumors induced by the higher doses 
before the lower ones have had time to show their effects when 
the interval between doses is too great. A dosage interval of 
x 10, for the two samples of the same material, has been found 
to be most satisfactory for routine assays: this interval cannot 
be appreciably increased (e. g.. to X 100) unless the difference 
in potency between the two materials being compared (e. g., 
standard, and unknewn) is known in advance to be less than 
tenfold. 

Since, in addition to the slope and the experimental error, 
the dosage interval is also fixed for the present materials and 
methods, the only remaining way of improving the slope esti- 
mate is to increase the number of unit observations per dose 
group. Thus, if only two materials were to be compared in a 
single assay determination of the present type. it would be 
necessary to use 5x 40=—200 unit observations per dose group 
in order to obtain an estimate of slope as accurate as the 
common slope of the present experiment which is based upon 
all data of the 5 simultaneous assays. 


<3 -4 
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-3 -4 -3 -4 -3 


DOSE IN LOG GRAMS 


Ficure 1.—Biological responses of the separate assay de- 
terminations of experiment 1. See text. 
Open circles: extract 1; the common “standard” 
for all assay groups. 


Large closed circles: reading from left to right, 
extracts 2 through 6 (“unknowns”). 

The dose-response curves have a common slope and 
are drawn through the means (small closed 
circles) for the respective materials. 


TABLE 1.— Analyses of variance of biological responses of the separate assay groups of experiment 1 
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RELATIVE POTENCIES OF SERIAL EXTRACTS 


See table 3 
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Figure 2.—Relative results of experiment 1. 
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! Derived by difference from the antilogs (X 100) of the limiting log values 
TABLE 3.—Summary of results of experiment 1* 
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within certain limits as indicated by the standard 
errors of table 2. The degree of variability shown 
is that which is inherent in the present test mate- 
rials and methods when only 40 unit observations 
are used for each dose. Only the most probable 
potency values were used in computing the po- 
tency-nitrogen ratios and in comparing the results 
of different extracts. The results are sufficiently 
accurate for the essential purposes of this experl- 
ment. If greater accuracy had been required, it 
would have been necessary to increase the number 
of unit biological observations accordingly. 

Figure 2 shows that both the nitrogen and the 
potency dropped rapidly in successive extracts 
(the values were negligible and too low to be 
charted in the last two extracts). The greatest 
differences were between extracts 1 and 2. This 
is in contrast with the findings of Murphy and 
Sturm (2) on the serial extraction of desiccated 
chicken-tumor-I tissues with distilled water; these 
investigators observed a progressive increase 
rather than a decrease in potency in the first 4 
serial extracts accompanied by a progressive de- 
crease in nitrogen similar to that shown here. In 
the present instance, both nitrogen and potency de- 
creased with successive extractions; but the nitro- 
gen showed a relatively greater drop, and the ratio 
of potency to nitrogen was higher in subsequent 
extracts than in the first. The highest ratio was 
observed with extract 2, in which case it was about 
16 times the ratio for extract 1. This indicates 
that the second extract is a much purer product 
than the first, with respect to the absence of non- 
active nitrogenous material. In addition, the sec- 
ond extract was grossly free of the mucoid sub- 
stances which give first extracts a viscous quality 
and which complicate further purification pro- 
cedures when first extracts are used. 

The bioassay results showed extract 2 to be only 
about one-fourth as potent as extract 1 (consid- 
ering the most probable value of the potency esti- 
mate), but this difference is not very serious and 
could readily be compensated for under practical 
laboratory conditions, if necessary. The increased 
purity of the second extract and its relative free- 
dom from mucoid substances far outweigh the loss 
in potency; and it is suggested that second extracts 
constitute a more desirable starting material for 
purification of the agent of chicken tumor I than 
first extracts, which have been generally employed. 
The low potency of extracts subsequent to the sec- 
ond and the fact that they showed no advantage 
with respect to potency-nitrogen ratio indicate 
that they are less desirable sources of tumor agent 
than the second extract. 


EXPERIMENT 2 


In the second experiment several materials were 
intercompared, but only two of them and the stand- 
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ard reference material with which they were com- 
pared are considered in this report.’ The experi- 
mental materials were a first and second extract of 
fresh tumor tissue prepared with NaCl solution in 
exactly the same manner as described for experi- 
ment 1. The standard reference material with 
Which each was compared (ina separate, balanced, 
bioassay determination) was an ultracentrifuge 
concentrate of a second extract resuspended in 
phosphate buffer (pH 7.0; 0.005M). Analyses of 
variance of the biological responses are given in 
table 4+. and the mean responses are plotted against 
logarithm of dose in figure 3; the bioassay results 
are summarized in table 5. In order that the re- 
sults of experiment 2 could be compared directly 
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DOSE IN LOG GRAMS 
Figure 3.—Bivlogical responses of the separate assay de- 
terminations of experiment 2. See text. 
Open circles: Ultracentrifuge concentrate; the 
common “standard” for both assay groups. 
Large closed circles: reading from left to right, 
extract 1 and extract 2 (“unknowns”). 
The dose-response curves have a common slope and are 
dr2wn through the means (small closed circles) for the 
respective materials. 


with those of experiment 1, the relative values for 
nitrogen and potency and the potency-nitrogen 
‘atios were determined in the same manner as in 
experiment 1. For this purpose, the nitrogen con- 
tent of the first extract and the relative potency 
derived in the bioassay of the first extract were 
each taken as 100 percent, and the relative values 
for the second extract were computed accordingly. 
The results are shown in table 6 and in figure 4. 
The interpretations of the tables and figures of ex- 


6 The common slope for bioassay determinations was determined 
from all materials of the experiment. 
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TaBLe 4.—Analyses of variance of biological responses of the separate assay groups of experimenl 2 


RELATIVE POTENCIES OF SERIAL EXTRACTS 


Variation 


Bioassay determinations 


Differences between chickens 
Difference between sites 
Differences between doses 
Differences between samples 
Slope of dose effect curve 
Departure from parallelism 
Experimental error 


Total 
Correction 


1 2 
| 
(S=U. C. concentrate; U= Extract 1) ! (S=U. C. concentrate; U = Extract 2) ! 
| | | | 
| Sum of Mean | | Sumof | Degrees Mean F 
| Squares freedom square squares freedom | Sauare | 
| 
39 48.651 | 210.68 | 313. 8948 | 39 | 8.049 25.155 
260. 3781 3 | 86.793 219.06 180. 4453 | 3 60.148 | 238.522 
229. 5457 | 3 76. 515 216.80 134. 2433 3 44.748 | 228.659 
3 (60. 1476) 3 (1) 60. 148 213.20 3 (4. 9000) 3 (1) 4. 900 43.138 
3 (166. 6681) 3 (1) 166. 668 2 36. 59 | 2 (128. 881) 3 (1)) 128. 881 282.542 
3 (2. 7301) | 3 (1) 2. 730 3 (, 3 462 | 296 
519. 2537 | 114 177. 9964 114 | 
2, 906. 5759 806. 58 | 
30, 871. 9141 32, 724.12 | 1 | 


S=standard; U=unknown. 
° Significant at 1 percent level 


3 Values in parentheses are subvalues under those for differences between doses, to which they sum, 


4 Not significant. 
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Ficure 4.—Relative results of experiment 2. 


and text. 


Cross-hatched columns: 
potency 


Solid columns: 


2nd EXTRACT 


nitrogen ; 


See table 6 


Dotted columns: potency-nitrogen ratio. 


and are not reentered in deriving the grand totals. 
periment 2 are similar to those described in experi- 
ment 1. 


TaABLe 5.—Summary of bioassay determinations of 
experiment 2 


| 
| | | stan. | | Stn 
Assay | Standard nknown Poteney error of | | | 
| | (M) (eo) on ratio! 
| 
1__.....| U. C. concen- | Extract1__| 0. 62861 £0. 20369 42s, 22 {+793 
| Extract 2.) —. 17941) +. 10270 66.16 


! See footnote 1 of table 2. 


TABLE 6.—Summary of results of erperiment 2 


Extract 
Determination 
ee -milligrams per milliliter | 0.30 0. 008 
Nitrogen. ......- ...-percent !__| 100.0 2. 67 
_percent, ‘relative to common standard. .| 425.216 | 66, 159 
Potency percent, relative to extract 1! 100.0 | 15.56 


percent nitrogen 1.0 5.83 


Potency-nitrogen ratio 
percent potency ! 


! Percentage values based upon results of extract 1 as 100 percent. 


In experiment 2, the potency of the second ex- 
tract was only about one-sixth that of the first 
extract, whereas in experiment 1 it was about one- 
fourth. These two results do not differ more than 
experimental error, however, and the findings in 
the two experiments are entirely consistent within 
limits of chance variation. The conclusion sug- 
gested by experiment 1, namely, that second ex- 
tracts are suflic iently potent for practical use and 
may constitute better sources of agent (for studies 
on purification) than first extracts is therefore 
substantiated. 
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ADDITIONAL DATA ON THE COMPARISON OF FIRST AND 
SECOND SERIAL EXTRACTS 


Second extracts are now being employed rou- 
tinely in this laboratory as sources of tumor agent. 
In several instances, the first extracts have been 
tested and comparisons made between the relative 
potencies of first and second serial extracts _ 
pared from the same batch of tumor tissue. Three 
additional quantitative experiments and one semi- 
quantitative experiment of this type have been 
completed, and the data have been analyzed sta- 
tistically. The final results are included herewith 
(table 7) to provide further evidence in support of 
the conclusions drawn from the foregoing experi- 
ments, 

Table 7 shows a summary of the results of six 
experiments in which first and second extracts 
were compared. The first two represent experi- 
ments 1 and 2 already described; experiments 3 
through 6 represent the additional observations. 
In experiment 3, the technical conditions and the 
method of preparation of extracts were exactly 
the same as those employed in experiments 1 and 
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2. (See above.) Experiment 4 differed only in the 
manner in which the tissue extracts were cleared of 
tissue debris and aggregated colloid particles. 
Both the first and the second extracts were cleared 
by three consecutive centrifuge runs as follows: 
(1) In an angle head of an ordinary centrifuge as 
in experiments 1 and 2, above; (2) na multispeed 
centrifuge * spinning at approximately 10,000 
r. p. m. (5,800 g) for 10 minutes; and (3) in the 
same centrifuge * at full speed (18,000 g) for 1 
minute. After each clearance run, the middle 
fraction of supernatent fluid was taken, and small 
amounts at the top of the centrifuge tube and just 
above the sediment were discarded. The technique 
employed in experiments 5 and 6 differed from 
the others in the following respects: (1) The vol- 
ume of NaCl] solution in which the tissue was 
blended for the second extraction was 200 ml., 
instead of 300 ml.; and (2) both the first and the 
second extracts were cleared of tissue debris and 
aggregated material by two consecutive runs-up- 
and-down (i. e., 18,000 ¢ for 1 minute) in a multi- 
speed centrifuge. 


TABLE 7.—Summary of results of six experiments on the comparison of first and second serial extracts 


First extracts 


Second extracts 


Volume of Nitrogen | Volume of Nitrogen | 
Experiment No. NaCl so- Ratio | NaCl so- ~~ Ratio 

ution in | | nerce! ney 
whieh Potency Milligrams | pe reent pote ney chi | Potency Milligrams Ppercent_potency 
homo- per milli- Percent | Percent nitrogen | — homo- | per milli- | Percent | Percent nitrogen 

genized liter genized liter | 

M1. Pet. Pet. 

l 300 100 6.30 100 1.0 300 26.6 0.005 1.67 15. 96 
2 300 100 . 0 100 1.0 300 15.6 . 008 2. 67 5.83 
3 300 100 . 221 100 1.0 300 20.9 . 006 2.76 7.57 
‘ 300 100 . 132 100 1.0 300 By 0017 1.36 | 3.07 
5 300 100 145 100 1.0 | 200 1 (100) 0046 3.17 ‘a 
6 300 100 14 100 1.0} 200 70.1 0063 5. 51 12.73 


' Semiquantitative estimate only. 


The results of experiment 3 showed that the rel- 
ative potency as well as the potency-nitrogen ratio 
of the second extract was intermediate bet ween the 
corresponding values for the first two experiments 
and was consistent with them within limits of 
chance variation. The results of experiment 4 dif- 
fered significantly from the first three experiments 
with respect to total nitrogen in the first extract 
and to both nitrogen and potency in the second 
extract, probably as a result of the excessive clear- 
ance treatment. (See above.) Although the po- 
tency of the second extract was only about 1/25 
that of the first extract in this case, the second 
extract was nevertheless highly active biologically 
since the 1:10 dilution of it produced tumors in 
6.5 days on an average. 

The second extracts of experiments 5 and 6 were 
considerably more potent (relative to their re- 
spective first extracts) than those of preceding ex- 


periments. Whether this is a fortuitous result due 
to variations between batches of tumor tissue, or 
whether the increase in potency was due to a more 
efficient breaking up of tumor cells, and release of 
agent, when a smaller volume of NaCl solution was 
used for homogenization cannot be definitely de- 
termined from present data; but it is not unlikely 
that more efficient homogenization procedures than 
those described here may be found by varying 
either the volume of solution, the time of blend- 
ing in the Waring blender, or both. 
These additional data confirm the superiority 
of second over first extracts as sources of tumor 
agent for studies on purification and suggest 
changes in technique, which might be expected to 
result in greater yields of active tumor agent than 


7 Belt-driven multispeed attachment of an International Centri- 
fuge No. 2; head No. 295. 
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RELATIVE POTENCIES OF SERIAL EXTRACTS 


were found under conditions described in preced- 
ing sections. 
SUMMARY 


The relative potencies and total nitrogen con- 
tents of serial extracts of fresh chicken-tumor-I 
tissue, prepared with 0.9 percent NaCl solution, 
were studied in experiments carried out with 
quantitative biological techniques. The results 
showed that second extracts contained considera- 
bly less mucoid and nonactive nitrogenous ma- 


terial than first extracts and were sufficiently 
potent to serve as practical sources of tumor agent 
for experimental purposes. 

Serial extracts subsequent to the second were 
considerably weaker in tumor-producing potency 
and offered no advantage, with respect to purity, 
over second extracts, 

It is suggested that second extracts may consti- 
tute a more desirable starting material for studies 
on purification of the active agent than first ex- 
tracts which have been generally employed, 
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EFFECT OF CASTRATION AND SEX HORMONES ON THE INDUCTION OF TUMORS IN 


MICE WITH 0o-AMINOAZOTOLUENE 


By Howarp B. ANDERVONT, biologist, and THELMA B. DUNN, pathologist, National Cancer Institute, National Institute 
of Health, United States Public Health Service 


INTRODUCTION 


Subcutaneous administration of 3, 4, 5, 6-di- 
benzearbazole (7) or o-aminoazotoluene (2) to 
mice revealed a pronounced sex variation in sus- 
ceptibility to induced hepatic changes and hepato- 
mas. The investigations reported here were de- 
signed to study further the effects of sex on 
susceptibility to o-aminoazotoluene by producing 
changes in the hormonal condition of the animals. 
In one experiment the effects of castration were 
studied while in a second the effects of castration 
alone and castration followed by administration 
of testosterone propionate were ascertained. 


MATERIALS AND METHODS 


Mice of strain C (3) were used because they 
were known to exhibit a pronounced sex differ- 
ence in susceptibility to o-aminoazotoluene and 
could also be used to determine the occurrence of 
induced pulmonary tumors and hemangio-endo- 
theliomas (2). All were raised in this laboratory. 
They were maintained under uniform environ- 
mental conditions, fed Purina laboratory chow 
pellets, and given an unlimited supply of drinking 
water. Males and females were kept in separate 
cages, but the intact and the castrate animals were 
not segregated. They were housed in wooden 
bexes, 28 cm. long, 18 cm. wide, and 15 cm. deep, 
with 8 mice to a box. 

Necropsies were performed on all mice. Those 
that hed received an implanted pellet were ex- 
amined for the presence of the pellet. The de- 
gree of gross hepatic reaction (nodular surface) 
was noted and a piece of liver prepared for histo- 
logic study. When hepatomas were present, the 
liver specimen included both tumor and _ liver 
tissue. The gross and microscopic hepatic changes 
have been described in earlier papers (2, 4). The 
lungs were examined for the presence and number 
of macroscopic tumors. A kidney section was ob- 
tained from most of the animals, All tissues were 
fixed in Tellyesniczky’s fluid (2 parts formol, 20 
parts 70 percent alcohol, and 1 part acetic acid) 
and stained with hematoxylin and eosin. 

The 0-aminoazotoluene was procured from the 
Eastman Kodak Co. and was used without further 
purification. It was moistened with glycerol (6 
drops from a 1-ce. pipette to 200 mg.) and injected 
subcutaneously by means of a trocar. Each mouse 


received approximately 10 mg. at each injection. 


* Received for publication April 1, 1947. 


EXPERIMENT 1 


This experiment was performed to ascertain the 
effect of castration upon the susceptibility of both 
sexes to induced hepatic lesions. The mice were 
castrated when 4 to 6 weeks of age and received 
the first injection of 0o-aminoazotoluene 2 weeks 
later, when all were 2 to 3 months old. The com- 
pound, totaling approximately 70 mg. to each 
mouse, was injected seven times at monthly inter- 
vals. It was administered dorsally at the base of 
the tail to all animals. 

The occurrence of gross hepatic reactions is sum- 
marized in table 1, and the presence of hepatic and 
pulmonary tumors is presented in table 2. As in 
earlier work, the intact females were more suscep- 
tible to the induction of hepatic changes and hepa- 
tomas than were the intact males. Castration of 
males increased their susceptibility to the induc- 
tion of both hepatic changes and hepatomas. This 
finding was similar to the results of an earlier 
experiment (7) in which castration increased the 
susceptibility of male mice to the occurrence of 
hepatic changes following the subcutaneous in- 


TaBLe 1.—Induction of macroscopic hepatic changes in 
intact and castrate strain C mice following subcutaneous 
administration of 70 mg. of o-aminoazotoluene 


Numerator= Mice killed ] 
Denominator= Mice with hepatic changes 


Time after first injection 


Num 
(in months) | : 
ber Inci- 
mire] 6 7 8 9 10 | 
| | | Pet. 
Intact females. } 3/3, 3/3) 7/7, 100 
Castrate females _ -----| 13/8} 15/14] 10/8) 38/30) 79 
Intact males 1/0; 4/0} fll 14 


Castrate males. 42) 2/l 8/6) 15/14! 90 


2.—Induction of pulmonary tumors and hepatic 
tumors in intact and castrate strain C mice following 
subcutaneous administration of 70 mg. of 0-aminoazo- 
toluene 


Numerator = mice with pulmonary 
Denominator=mice with hepatic tumors 


Time after first injection | | 


(in months) inci- 
Group 
mice ¢ 718 9 10 | 
| | Pet. 
Intact females. O/1| 2/2) 3/2| 5/5) 71/71 
Castrate females 6/2 8/8) 10/6) 24/16) 63/43 
Intact males 1/0} 2/0; 5/1) 71/14 
Castrate males | | 3/2) 6/7; 12/6) 21/15) 50/36 


| 


1 See table 1 for number of mice autopsied each month. 


‘ 
Ne 
‘i 
a 
Migs 
a 
1 
: 
| 
ee 
hen 


456 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


jection of 3.4.5,.6-dibenzearbazole. There was evi- 
dence suggesting that castrate females were more 
resistant than intact females to induced hepatic 
changes and hepatomas. 

The most interesting outcome of the experiment 
Was the appearance of hemangio-endotheliomas in 
the experimental animals. These were histologi- 
cally similar to those described previously (2) and 
likewise showed considerable histologic variation. 
Some were made up of numerous dilated vascular 
channels lined by endothelial cells which appeared 
to be well differentiated, while others consisted 
of compact areas of large oval or spindle cells, with 
frequent mitoses. These tumors generally were 
surrounded by a wide hemorrhagic zone, in which 
no neoplastic cells were found and which appeared 
to be a reaction in the surrounding normal tissue to 
the neoplasm. This zone in the lings consisted 
of blood-filled alveoli, and in subcutaneous areas 
there appeared to be an extreme dilation of vessels 
and extravasation of erythrocytes. This periph- 
eral reaction was remarkable and often confusing, 
since the central mass of neoplastic cells was some- 
times missed in sectioning. These tumors are 
discussed later. 

Table 2 also indicates that, as in previous in- 
vestigations (7), the carcinogen induced pul- 
monary tumors in mice of strain C. 


EXPERIMENT 2 
The production of hepatic reactions in all in- 


tact females of experiment 1 by the administration 
of 70 mg. of o-aminoazotoluene, together with the 


increased susceptibility of the castrate males and 
suggested increased resistance of the castrate fe- 
males, served as a basis for further investigation. 

The experiment was designed to ascertain the 
effect of testosterone propionate upon the indue- 
tion of hepatic lesions in castrate animals of both 
sexes. The mice were born between August 3 and 
September 7, 1945, and when possible, each litter 
was divided so that each contained an intact, eas- 
trate, and castrate plus testosterone representative 
of each sex. 

Castration was done when the animals were 1 
month old, and a pellet * of 50 percent testosterone 
propionate in cholesterol (5) weighing approxi- 
mately 3 mg. was inserted subcutaneously into the 
left flank of the castrates on November 1, 1945. 
Each mouse received four successive monthly in- 
jections of o-aminoazotoluene in the right axilla 
for a total of approximately 40 mg. The first in- 
jection was given on November 15, 1945. 

When an animal died or was killed, its litter 
mates of the same sex were also killed. 

The results of macroscopic examinations for 
hepatic reactions are listed in table 3. Intact fe- 
males were again more susceptible to the lesion 
than were their male litter mates. Microscopic 
changes in the liver and the hepatomas which de- 
veloped were essentially similar to those already 
described (2). In the liver sections examined in 
the present experiment, a considerable difference 
in the size of the cells in the vicinity of the central 


2 Obtained from Dr. M. B. Shimkin, of the National Cancer 
Institute. 
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Ficuke 1.—Variations in size of liver cells, showing a 


zonal distribution, Hematoxylin and eosin stain. XX 235. 
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vein and those near the portal vessels was fre- 
quently observed (fig. 1). The cells in the region 
of the central veins were greatly enlarged, and the 
swollen nuclei often contained one or more bodies 
(fig.2). These intranuclear bodies are of interest. 
They have been previously described by Findlay 
(6) and by Andrew et al. (7). Findlay observed 
them in the Claxton strain of mice and noted that 
the affected nuclei were often hypertrophied. He 
considered that these inclusions were possibly 
caused by a filterable virus. Andrew et al., how- 
ever, ascribed them to metabolic disturbances at- 
tendant upon senescence, since they appeared in 
the livers of senile human beings and aged mice. 
Both reports agreed that these bodies may be hy- 


» 


pertrophied nucleoli. In the present experiment, 
the bodies developed in enlarged cells in focal areas 
in the liver after treatment with a carcinogenic 
substance. Andrew et al. also observed an in- 
creasing variation in liver-cell size and the de- 
velopment of very large liver cells in advancing 
age. This condition, as well as the nuclear inclu- 
sions, has been accentuated in the livers of mice 
used in this experiment. As in the previous ex- 


_ periment, a focal increase in reticulum in the liver 


was observed, and thick reticulum strands lay be- 
tween the hypertrophied cells, while only a few 
delicate fibers were found in the areas of small 
cells (fig. 3). 


Figure 2.—Enlarged liver cells showing nuclear inclusions. 


Hematoxylin and eosin stain, S00, 
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Figure 3.—Reticulum increase in area of large cells about central vein. 


Tasie 3.—/nduction of macroscopic hepatic changes in in- 
tact and castrate strain C mice and C mice castrated 
and implanted with testosterone propionate pellets fol- 
lowing subcutaneous administration of 40 mg. of 
o-aminoazotoluene 


Numerator = Mice killed 
Denominator = Mice with hepatic changes 


: Time after first injection in | 
months | Inci- 
10 | 1 | 12 | 13 | 
Per- 
| cent 
Intact females 37 8/5 44 4/4 4) 17/17) 37/34 92 
Castrate females 47 8/7) 4/1) 4/4 7/6, 24/14) 47/32 68 
Castrate females plus | | | | 
pellet 41 S/1) 5/0 3/0 7 2) 18/0} 41/3 7 
Intact males re 46 3/0 3/0 5/0 3/0} 32/0) 46/0 0 
Castrate males 40 3/3 1/1) 5/4) 4/3) 27/27} 40/38 95 
Castrate males plus | | 
43} 3/0) 40} 7 1 28/2) 43/2 5 


Castration exerted a definite influence upon the 
susceptibility of males by raising the sa: sonal of 
hepatic changes from 0 percent in the intact 
animals to 95 percent in castrate litter mates. It 
is also indicated that castration increased the re- 
sistance of the females to the activity of the 
carcinogen. 

The presence of testosterone propionate pellets 
in castrates of both sexes had a pronounced in- 
fluence upon the induction of hepatic changes. 
The females showed an incidence of only 7 per- 
cent and the males an incidence of 5 percent. This 
result was clear-cut. 

The occurrence of hepatomas is shown in table 
4. It is seen that castrate males approached their 


Wilder reticulum stain. X 120. 
intact female litter mates in susceptibility. Cas- 
trate females, however, revealed an incidence of 
38 percent whereas their intact litter mates showed 
an incidence of 75 percent. Furthermore, the cas- 
trates had an average of two hepatomas and the 
intact females an average of four hepatomas. 
These observations emphasize the results sug- 
gested in tables 1 and 2, namely, that castration 
increased the resistance of the females. Further- 
more few hepatomas arose in the castrate-plus- 
pellet group of either sex; none in the males and 
in only 7 percent of the females. These findings 
are significant. 


TasLte 4.—IJnduction of pulmonary tumors and hepatic 
tumors in intact and castrate strain C mice and C mice 
castrated and implanted with testosterone propionate 
pellets following subcutaneous administration of 40 mg. 
of o-aminoazotoluene 


Numerator= Mice with pulmonary —— 
Denominator= Mice with hepatic tumors 


Time after first injection in 


Num- 
ber months Inci 
Group of \Total dence 
| | Per- 
} cent 
Intact females. 37 | 1/4 3/2 3/4 15/16 | 27/28 | 73/75 
Castrate females 3/0) 3/1 | 6/6 | 19/10 | 32/18 | 68/38 
Castrate females plus | | 
|} 41] 4/0} 2/1 6/2 | 8/0 | 20/3 | 49/7 
Intact | 1/0 | 18/0 | 25/0 54/0 
Castrate 40 | 0/2 |.-.-..| 2/3 | 3/4 | 23/20 | 28/29 | 70/72 
Castrate males plus | | | | 
43) 1/0) 1/0| 3/0 1/0 | 19/0 25/0 | 54/0 


1 See table 3 for number of mice autopsied each month. 
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EFFECT OF CASTRATION AND SEX HORMONES ON TUMOR INDUCTION 


Table 4 also includes the occurrence of gross 
primary pulmonary tumors. It is seen that 40 mg. 
of the compound induced this type of tumor in all 
groups of mice, but the differences between groups 
are not considered to be significant. 


DISCUSSION 


The outcome of these studies confirmed the sex 
difference in susceptibility of strain C mice to in- 
duced hepatic lesions following administration of 
o-aminoazotoluene. They also showed that castra- 
tion of males increased their susceptibility and cas- 
tration of females increased their resistance and 
thus suggested that sex hormones may be at least 
partially responsible for the variation in suscepti- 
bility. The increased resistance of castrate females 
suggested that androgens may be responsible for 
the sex variation, because as Parkes (8) stated, 
“There is good experimental evidence that the 
adrenal of the female may show androgenic 
activity.” 

An experiment designed to test this possibility 
revealed that the administration of testosterone 
propionate to castrate males and females led to a 
remarkable decrease in their degree of suscepti- 
bility. 

How the androgen influenced the susceptibility 
of the animals is not known. Parfentjev and 
Perlzweig (9) found that the urine of male mice 
contains a larger amount of proteins than does 
that of the females. Wicks (70) reported that this 
proteinurea is fouhd almost exclusively in males 
and that castration of males reduced their protein 
excretion. Perhaps the androgenic influence en- 
abled the mice to excrete more of the carcinogen or 
its derivatives. 

Selye (7/7) observed an increase in kidney weight 
as well as hypertrophy of the epithelium of the 
convoluted tubules and the epithelium lining 
Bowman's capsule in testosterone-treated female 
mice. Crabtree (12,13) discovered that Bowman’s 
capsule in female mice is composed of squamous 
cells whereas in males it is composed mostly of 
cuboidal cells. She found also (74) that in cas- 
trate males the capsule resembles that of intact 
females, and injection of testosterone to castrate 
males returned the structure of the capsules to that 
found in intact males. 

Eschenbrenner (75) observed that oral adminis- 
trations of chloroform produced necrosis of the 
convoluted tubules of the kidneys in male mice but 
not in females. Hepatomas were induced in 
females only, because the males died from renal 
damage when given a dose large enough to elicit 
liver necrosis. He later showed (16) that 


chloroform caused kidney necrosis in intact and 
testosterone-treated castrate males but failed to do 
SO In intact females and castrate males. 
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Perhaps in the experiment reported here, the 
androgen produced a change in renal physiology 
which enabled the mice to excrete the carcinogen 
or its derivatives and thereby lessened its carcino- 
genic effects, 

It would be of interest to ascertain the influence 
of testosterone treatment upon the incidence of 
spontaneous hepatomas in strain C mice, but these 
animals develop few such tumors. Strain C3H 
mice, however, are relatively susceptible to the 
development of spontaneous hepatomas (/7), and 
in contrast with the sex variation in response to 
o-aminoazotoluene, the males are considerably 
more susceptible than their female litter mates 
(78, 19). The question arises whether, in con- 
trast with the studies on induced hepatomas, testo- 
sterone propionate would not exert an inhibitory 
influence upon the development of spontaneous 
hepatomas. 

Burns and Schenken (20) found fewer tumors 
in nonbreeding than in breeding strain C3H mice 
of both sexes but stated that the number of animals 
involved in their studies was too small to permit 
definite conclusions. 

Schenken and Burns (2/) administered testo- 
sterone propionate to 24 nonbreeding males and 
24 nonbreeding females of strain C3H. None of 
the males and only 1 female developed a hepatoma. 
They also treated 59 nonbreeding males and 10 
nonbreeding females with a-estradiol benzoate, 
and 15 males but no females developed hepatomas. 
Of 30 nonbreeding males and 9 nonbreeding fe- 
males given injections of ketohydroxyestrin, 5 
males and no females developed hepatomas. The 
authors did not evaluate the results of testosterone 
propionate injections but interpreted their find- 
ings as suggesting that estrogen treatment ele- 
vated the incidence of hepatomas in the males and 
depressed the incidence in females. They state 
that “the evaluation of the effect of estrogen treat- 
ment on the incidence of liver tumors must be con- 
sidered as tentative, because the number of mice 
in many groups was small.” 

Shimkin and Wyman (22) presented data which 
they interpreted as suggesting that estrogenation 
of strain C3H males resulted in a lowered inci- 
dence of spontaneous hepatomas. They stated that 
untreated normal controls were not maintained, 
and further experimentation is essential before 
any conclusions can be made. 

In view of the striking effect of testosterone 
treatment upon the induction of hepatomas by 
o-aminoazotoluene, further studies on the influence 
of sex hormones on the occurrence of spontaneous 
hepatomas in mice should be of interest. 

Murphy’s investigations (23) dealing with the 
effect of sex and testosterone on the incidence of 
spontaneous leukemia are also of considerable in- 
terest here. He used a strain of mice in which 
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females and males had an incidence of 88.4 and 53.5 
percent, respectively. Castration resulted in an 
incidence of 90.3 in females and 97 percent in 
males. Ovariectomized females treated with tes- 
tosterone propionate revealed an incidence of 58.3 
percent. Thus, Murphy's observations with this 
leukemic strain are similar to those reported here 
with induced hepatic lesions in strain C mice. 

The reader is referred to Furth’s review (24) 
for further information concerning the influence 
of sex and sex hormones upon the development of 
leukemia in mice. 

The occurrence of hemangio-endotheliomas in 
mice following application of o-aminoazotoluene 
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is receiving more consideration. This type of 
tumor appeared in mice of strains A, C3H, C, and 
C57 black following administration of the crys- 
talline compound (2) as well as in strain C mice 
following injections of olive-oil solutions (25), or 
the ingestion of a diet containing the dye (26). 
The spontaneous occurrence of this tumor in strain 
C animals is not known precisely, but the incidence 
is less than 5 percent. An interesting feature of 
the induced tumor is the variety of sites of origin. 
To summarize the sites of origin, the results ob- 
tained to date with strain C animals are presented 
in table 5, which includes previous experiments as 
well as the two recorded here. 


Tasie 5.—Summary of the sites of origin of hemangio-endotheliomas induced in strain C mice with o-aminoazotoluene 

Experi- Distribution of hemangio-endotheliomas according to site of origin 

Ne. or ( — of adminis-  berof | Sex Total 

refer- tered mice seapu- | Lung Perito- taneous Ovary Adrenal Muscle Spleen | Liver 

ence lar fat neal fat tiesue cortex 

Mg. Number Number Numler Number Number Number Number Number Number Number 
Subcutaneous at | Crystalline 70 45 F 4 l 35 
base of tail. 
2 Subcutaneous in do 40 125 F 7 2 == ll 
right axilla. 
2 do do 40 129 M 1 1 4 1 1 s 
(2 do do 100 12 F 2 1 M4 
(2) do do loo 12 M 2 2 4 
7 do ..| Dissolved in 45 2; F 3 ! 4 
olive oil. 
(27) do do 45 20 M ! 1 2 
(28) Oral Incorporated 100-165 31 F 1 16 1 18 
in diet. 

(28) do. do 130-220 | 29 M 4 4 


As stated before, the crystalline compound was 
injected subcutaneously at the base of the tail in 
the first experiment. Of 7 intact and 38 castrate 
females, 5 and 24, respectively, developed heman- 
gio-endotheliomas. Of these mice, 1 and 8, re- 
spectively, had 2 such tumors. Of 7 intact and 42 
castrate males, 2 and 17, respectively, developed 
this tumor. Of these male mice, 0 and 2, respec- 
tively, had 2 such tumors. 

As shown in table 5, many of these tumors arose 
in the lungs. Similar findings attended an experi- 
ment in which the compound was incorporated in 
the diet; but few tumors arose in the lungs when 
the crystalline material or olive-oil solutions were 
given subcutaneously in the right axillary region. 
It is not known why the compound induced more 
hemangio-endotheliomas of the lung when placed 
subcutaneously at the base of the tail than in the 
axillary region. 

The data in table 5 also show that females of 
strain C are more susceptible than males to the 
induction of hemangio-endothelioma with o-ami- 
noazotoluene. In the second experiment, the mice 
received a total of 40 mg. of the crystalline com- 
pound subeutaneously in the right axillary region. 
Of the females, 37 intact, 47 castrate, and 41 cas- 
trated and given testosterone treatment, 4, 5, and 


2, respectively, developed hemangio-endothelio- 
mas. Of the males, 46 intact, 40 castrate, and 43 
‘astrated and given testosterone treatment. 3, 5, 
and 0, respectively developed this tumor. These 
results, together with those of the first experiment 
and the other data in the table, suggest that sex 
susceptibility of strain C mice to induced heman- 
gio-endotheliomas parallels their susceptibility to 
induced hepatic lesions and hepatomas. 

By combining the results of the experiments re- 
ported here, it is found that of a total of 53 intact 
males 5 developed hemangio-endotheliomas, while 
similar tumors arose in 22 of 82 castrate males. 
This suggests that gonadectomy also increased the 
susceptibility of the males to induced hemangio- 
endotheliomas. The occurrence of this type of 
tumor in only 2 of 41 castrate females and in none 
of 43 castrate males bearing implanted pellets of 
testosterone suggests that the androgen increased 
their resistence. Thus, the effects of gonadectomy 
and testosterone upon the induction of hemangio- 
endotheliomas in strain C mice also parallel the 
effects of similar measures upon susceptibility to 
induced hepatic changes and hepatomas. 

This similarity between the production of 
o-aminoazotoluene-induced hemangio-endothelio- 
mas and hepatomas in strain C mice in respect to 
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EFFECT OF CASTRATION AND SEX HORMONES ON TUMOR INDUCTION 


sex variation in susceptibility and the influence 
of sex hormones upon susceptibility suggests that 
the same factors (metabolic or excretory) deter- 
mined the induction of both types of tumors in 
these animals. These factors, however, did not 
exert any influence upon the production of pul- 
monary tumors in this strain. 


SUMMARY 


The influence of sex and sex hormones upon the 
susceptibility of strain C mice to hepatic lesions, 
hepatomas, pulmonary tumors, and hemangio- 
endotheliomas induced with 0-aminoazotoluene 
was studied. 

So far as hepatic lesions and hepatomas were 
concerned, intact females were far more suscep- 
tible than intact males; intact females were more 
susceptible than castrate females; castrate males 
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approached intact females in their degree of sus- 
ceptibility; castrate females and castrate males 
bearing testosterone propionate-cholesterol pellets 
approached intact males in their degree of sus- 
ceptibility. 
Intact 
hemangio-endotheliomas than were intact males. 
Castrate males were more susceptible to this tumor 
than were intact males. 
liomas arose in castrates of either sex bearing testo- 
sterone propionate-cholesterol pellets. 
Administration 
ously at the base of the tail induced many 
hemangio-endotheliomas in the lungs. 
So far as pulmonary tumors were concerned, 
there was no significant difference in susceptibil- 
ity between the sexes or between sex-hormone- 
treated groups of mice. 
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RELATIONSHIP BETWEEN THE LETHAL YELLOW (A*) GENE OF THE MOUSE AND 
SUSCEPTIBILITY TO SPONTANEOUS PULMONARY TUMORS ?2 


By WALTER E. HEston, principal geneticist, and MARGARET K. DERINGER, biologist, National Cancer Institute, National 
Institute of Health, United States Public Health Service 


INTRODUCTION 


In previous papers (7, 2), it was reported that 
susceptibility to induced pulmonary tumors in 
mice is associated with a number of unit characters, 
among which is the character lethal yellow. The 
yellow F, hybrid mice from a cross between strain 
A and strain Y were more susceptible to pulmo- 
nary tumors induced by intravenous injection of 
20-methylcholanthrene than were their brown 
litter mates. 

The next step, after the relationship of lethal 
yellow to induced pulmonary tumors was estab- 
lished, was to ascertain whether or not the gene 
was likewise associated with spontaneous pulmo- 
nary tumors. Data presented herein show that 
it Is. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Strain A and strain Y, the strains used in the 
induced-tumor experiment, were used as the parent 
strains. Both strains were of the colonies main- 
tained at the National Cancer Institute, although 
both were originally obtained from the Roscoe B. 
Jackson Memorial Laboratory, strain A in 1938 
and strain Y in 1936. 

Strain A is a_ well-known, high-pulmonary- 
tumor strain. Incidences of 53, 79, and 90 percent 
have been reported for mice of our colony at 12, 15, 
and 18 months of age, respectively (3). The strain 
can be considered homozygous for practically all 
genetic factors since brother-sister inbred genera- 
tions now total over 70. 

Strain Y, with which the A” gene was intro- 
duced, has a medium degree of susceptibility to 
pulmonary tumors. Andervont (4) reported an 
incidence of from 10 to 20 percent of spontaneous 
pulmonary tumors in this strain. The animals 
used in these experiments were of the twenty-fifth 
generation of brother-sister inbreeding subsequent 
to the time that the strain was obtained from the 
Jackson Memorial Laboratory, and the stock had 
been inbred prior to that time. Since the effect of 
the gene is lethal when homozygous (5-7), yellow 
animals are always heterozygous for one of the 
other genes of the allelic series. In this strain it 
is the non-agouti (a) gene. Thus, in maintaining 
the strain, although yellow animals are selected 
for breeders, one-third of their offspring are 
homozygous, non-agouti, and brown in color since 
this subline also carries brown. Despite the fact 

' Received for publication April 15, 1947. 


*Presented at the annual meeting of the American Associa- 
tion for Cancer Research, Chicago, May 16-17, 1947. 


that the yellow animals are heterozygous at this 
locus, one can consider that the inbreeding would 
have resulted in a strain homozygous for prac- 
tically all genes on all chromosomes other than 
the pair marked by the agouti locus. Further- 
more, owing to crossing over, practically all genes 
on this chromosome, with the possible exception 
of any closely linked to agouti, also would be 
expected to be homozygous. 

The relationship of the A” gene to spontaneous- 
pulmonary-tumor development was observed in 
the F, hybrids resulting from crossing strain A 
females to strain Y males. One could expect that 
such hybrids would be genetically uniform except 
that one-half would be heterozygous (A%a) and 
yellow in color, and the other half would be brown 
(a a). The situation thus would offer evidence 
that deviation in tumor incidence of the yellow 
mice from that of the brown could be attributed 
to the presence of the A” gene. 

Two lots of the F, hybrids were produced, with 
a time interval of approximately 2 years. In the 
first lot 111 hybrids were weaned and set aside 
between June and October 1943 to be killed and 
observed for pulmonary tumors at 15 months of 
age. Of these, 82 lived to 15 months of age and 
were autopsied as scheduled. The tumor incidence 
for this first lot was determined on these 82 ani- 
mals, since it is essential to control the age factor 
in comparing pulmonary-tumor incidences: fur- 
thermore, some of those which died earlier had 
pheumonia, preventing an accurate determination 
of whether or not lung nodules were present. It 
is assumed that the factors causing the death of 
the animels dying earlier than 15 months of age 
were unrelated to pulmonary-tumor 
Diagnosis of the tumors was made with the aid 
of the dissecting microscope and confirmed with 
histologic sections. 

The tumor incidences for the 2 color groups are 
given in table 1. Since no sex difference has been 
observed in regard to spontaneous pulmonary 
tumors, the lots are not segregated as to sex. Of 


TABLE 1.—Pulmonary tumor development in A YP, hybrids 
15 months of age 


| 
| Yellow (4¥a) Brown (a a) 

Tumor | Nontumor! Tumor | Nontumor 

Number | Number Number | Number 
16 | 22 | 9 | 35 
are ae | 15 23 10 | 35 
Ce 31 45 | 19 70 


a 
3 
4 
i 
> 
‘ 
a 
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the S2 mice, 38 were yellow (1%). and 44 were 
brown (aa): of the 38 yellows, 16 had pulmonary 
tumors while such tumors were found in only 9 
of the 44 browns. While these results suggested 
that the vellow mice had a higher degree of sus- 
ceptibility to pulmonary tumors than did their 
brown siblings, the difference between the two 
groups Was not statistically significant, 

It was thus essential to increase the numbers by 
adding a second lot of F, hybrids from strain A 
females and strain Y males. Accordingly 155 
were weaned and set aside between January and 
May 145. Of this lot 83 were autopsied at the 
age of 15 months and were employed in ascertain- 
ing the tumor incidence. They included 38 yellows 
(.A%). of which 15 had pulmonary tumors, and 
45 browns (aa), of which 10 had pulmonary tu- 
mors. Again the difference between the pulmo- 
nary-tumor incidences of the 2 color groups was 
not statistically significant, but it was, when the 
data of the first and second lot were combined, 
making a total of 165 animals. Thirty-one of the 
seventy-six yellow mice had tumors, whereas only 
19 of the 89 browns had tumors. This difference is 
highly significant; y?=7.425; POL, 

Since the AY” gene is known to have an influence 
on body size, as described by Danforth (8), weights 
were taken on the second lot at 6 and 12 months 
of age and again when the mice were autopsied 
at 15 months. The average weights of the vellow 
mice as contrasted with those of the brown sibs 
are given in table 2. The effect of the lethal yellow 
gene on weight was particularly apparent at 6 
months, for at that age the yellow mice were much 
heavier than their brown sibs. As the animals 
aged, the vellow mice lost weight. so that at 12 
months the difference was not so great, and at 15 
months there was no difference between the aver- 
age weights of the two color groups. 


Taste 2.—Average weights of the AYF, hybrids 


Average weights at 
Group Bex Number 
6 months 12months 15 months 


Grams Grams Grams 
M 48. 56 36. 22 30. 38 
Yellow (Ava) \ 29 46. 55 35. 83 24.07 
Brown (e¢ f M 1s 34. 56 30. 00 28. 04 


DISCUSSION 


The development of pulmonary tumor in the 
mouse is to be considered as under the control of 
multiple genetic and nongenetic factors. The 
tumor appears when the cumulative effect of both 
genetic and nongenetic factors surpass a physio- 
logic threshold. In this general concept a carcino- 
gen is to be viewed as a potent nongenetic factor, 


the introduction of which greatly increases the 
probability that this threshold will be surpassed at 
a much earlier age. 

Considered in this way, the carcinogens have 
proved to be a convenient tool in the genetic anal- 
ysis of pulmonary tumors since by their injection 
the whole picture of tumor development is shifted 
to an earlier age with a greater number of nodules; 
thus the genetic differences can be much more read- 
ily detected. By this means, relationships between 
induced pulmonary tumors and the several known 
genes, including flexed tail, shaker-2, and lethal 
yellow were demonstrated (7,2). It was not indi- 
cated whether the relationship to the first two 
genes was true linkage or an effect of the gene 
tested. In the case of the lethal yellow gene, it 
was evident that the increase in susceptibility to 
the induced pulmonary tumors was an added ef- 
fect of the lethal yellow gene. 

According to the foregoing concept, one could 
expect this relationship between pulmonary tu- 
mors and these known genes to hold for spontane- 
ous pulmonary tumors as well as for those induced 
with the carcinogens, although it would be more 
(lifficult to demonstrate. Data presented herein 
hear out this expectation in showing that the 
lethal vellow gene does have an effect on the occur- 
rence of the spontaneous tumors. It is planned to 
make similar tests in regard to the other two genes. 

In a previous paper (2), it was suggested that 
the physiologic processes through which the lethal 
yellow gene increases body weight may also be 
responsible for the increase in susceptibility to in- 
duced pulmonary tumors. The same suggestion 
would likewise apply to the effect on spontaneous 
pulmonary tumors. Supporting evidence was 
cited in reports indicating a general increase in 
liability to cancer in overweight individuals and 
in the work of Tannenbaum (.9-7/) indicating 
that dietary restriction may decrease susceptibility 
toa number of types of tumors in mice, pulmonary 
tumors included. Recently Larsen and Heston 
(72) reported that certain diets decrease suscep- 
tibility to pulmonary tumors in mice and inter- 
preted the effect as one which might generally be 
observed in animals fed deficient diets. In line 
with these findings, Dickerson and Gowen (12) 
from their recent analysis of the obesity effect of 
the lethal yellow gene concluded that obesity is 
the result of increased appetite with reduced 
energy requirements. 

In the mice of the present experiment the tumors 
were observed when the animals were autopsied at 
15 months of age, and at this time the yellow mice 
had lost their obesity. Despite this fact, however, 
the physiologic action of the lethal yellow gene 
which results in obesity may be the same as that 
which results in increased susceptibility to pulmo- 
nary tumors. These tumors grow slowly, and 
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many of them probably arose several months prior 
to the time of autopsy. On the other hand, there 
is No reason to assume that the physiologic action 
increasing susceptibility could not occur long be- 
fore the tumors appear. It is also conceiv able that 
the same genic action which earlier resulted in 
obesity might continue to influence tumor suscep- 
tibility, especially if the obesity is lost owing to 
the insertion of another factor into the phy siologic 
complex, and this appears to be the case. These 
yellow hybrids probably lost their obesity because 
of the onset of amyloidosis and its accompanying 
renal disease, a disorder that occurs in both strain 
A and strain Y mice. All the F, hybrids showed 
both amyloidosis and the renal disease at the time 
of autopsy. 

Dickie and Woolley (14) recently reported that 
in their F, hybrids, resulting from mating their 
strain of yellow mice to the ce strain, the yellows 


likewise did not hold their increased weight 
throughout the life span. In their hybrids, how- 
ever, the maximum difference was maintained 
from about the seventh to the eighteenth month of 
age, after which the yellow mice began to lose 
weight. By the twenty- fourth month, they were 
not ‘signific: antly heavier than their nonyellow sib- 
lings. No specific suggestion why their yellow 
mice lost their obesity was offered. 


SUMMARY 


The presence of the lethal yellow (A") gene in- 
creases the incidence of spontaneous pulmonary 
tumors in mice, as demonstrated by the higher 
incidence in the — (AY’a) F hybr ids from the 
cross between strain A and strain Y than in their 
brown (@ a) litter mates. This effect is similar 
to that previously demonstrated for induced pul- 
monary tumors, 
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